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Here’s a unique opportunity for 
radio - equipment manufacturers 
needing special multi-unit) low-loss 
cables... !) Let BICC design and 
manufacture them to meet your 
requirements. Our engineers have 
had extensive experience in’ this 
ficld and can also place at) your 
disposal the vast research and pro- 
duction — facilities of the BICC 
organisation. 

BICC have designed and produced 
numerous multi-unit cables to meet 
specialised needs including flexible 
cables for electronic equipment. 
Some of these are shown below. 
Write to us and let us assist’ vou 
with vour problems, 


Multicore poly thene- Double-quad  poly- Multicore poly thene- Poly thene-insulated 
insulated and thene-insulated insulated P.V.C. P.V.C. sheathed 
sheathed EiLN audio-frequeney sheathed flexible multicore cable for 
Camera Cable. cable. TV Camera Cable film studio use. 


4m alti- niu 


(es LOW- LOSS CABLES 


BRITUSA INS ULATED CAB EES Bi Ml FED 
NORFOLK HO:U SE STREET LONDON, Wie €. 8 
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REGD. TRADE MARK 


Ceramic or LowLoss Case with insulation 
Resistance greater than 1000 megohms at 
500 volts 


Time-proven 
end seal 


Special resistor element con- 
sisting of carbon deposit on 
ceramic tube, at 900°C spiral 
cut to required value and 
tolerance 


Colour coding bands (R.C.S.C. 
standard) which retain their true 
colour when applied to case 


Wire leads (13” x 0.032”) and 
wire spring caps securely con- 
nected to resistor body thus 
eliminating open circuits 


Type 109 5/8” x 1/4” 


APPROVED FOR TROPICAL USE BY THE 
/ SERVICES 


ERIE HIGH STABILITY RESISTORS, besides 
displaying characteristics well within the limits laid 
down in the current R.C.S.C. Specification, are fully 
insulated, tropical and extremely robust ; and are, 
therefore, eminently suitable for operation in restric- 
ted spaces and under the severest of conditions. 


RESISTOR LTD. 


Works : London, and Millora Works, 
Beevor Road, Gt. Yarmouth. 





TYPE too—} watt. 
TYPE 108—} watt. 
TYPE rog—4 watt. 


FULLY PROTECTED AGAINST 
SOLDERING & MECHANICAL DAMAGE 
DURING ASSEMBLY 


VALUES 
TYPE 1oo—10 ohms to 3 Meg. 
TYPE 108—25 ohms to 1 Meg. 
TYPE 109—100 ohms to $ Meg. 


TYPE APPROVALYCERTIFICATE NO.; 


$25 (100) Up to 1 Megohm. 
592 (108) Up to rooK ohm. 
626 (109) Up to 4 Megohm. 


TOLERANCES: 1%;+ 2%;+ 3%: + 4%:+ 
5%; + 10%: with minimum tolerance on low 
values, 0.50 ohms or 1% whichever is the greater. 
(Special tolerances + 0.5 ohms to + 0.25 ohms 
or + 1% whichever is the greater can be 
supplied). 
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CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements at the LINE RATE (if under |” or 12 lines) is : Three lines or under 7/6, each additional line 2/6. 
(The line averages seven words.) Box number 2/- extra, except in the case of advertisements in ‘‘Situations Wanted,’’ when it is added 


free of charge. 


At the INCH RATE (if over I” or 12 lines) the charge is 30/- per inch, single col Prospect and Comp 
Financial Reports £14 0s. 0d. per column. A remittance must accompany the advertisement. Replies to box numbers should be addressed 





» 
ys 


to: Morgan Bros. (Publishers), Ltd., 28, Essex Street, Strand, London, W.C.2, and marked “‘ Electronic Engineering.”” Advertisements 
must be received before the l4th of the month for insertion in the following issue. 





OFFICIAL APPOINTMENTS 


MINISTRY OF SUPPLY invites applications 
from electronic engineers and physicists for un- 
established appointments in the Experimental 
Officer class at research and development establish- 
ments in the South Midlands. Candidates should 
possess at least Higher School Certificate or 
equivalent qualification, but special consideration 
would be given to applicants who have such addi- 
tional qualifications as a full apprenticeship in light 
electrical engineering or electronics, or a degree in 
physics or electrical engineering. Experience of 
radar or radio gained in the services or in industry 
of electronic techniques, particularly in the 
U.H.F. range, or of valve development, would 
also be an advantage. Salary according to age, 
qualifications and experience within ranges: 
Experimental Officer (minimum age 28), £495- 
£645. Assistant Experimental Officer, £220-£460. 
Rates for women somewhat lower. Application 
forms obtainable from Technical and Scientific 
Register (K), York House, Kingsway, London, 
W.C.2, quoting D.253/50-A. Closing date, roth 
October, 1950. W 2500 


B.B.C. invites applications from engineers or 
physicists of recognized professional standing for a 
post in Television Section, Research Department, 
Kingswood Warren, Surrey. They must have 
sound knowledge of telecommunications theory 
and have had practical experience of modern tele- 
vision. Knowledge of up-to-date methods in 
colour television is essential and experience in the 
field of vacuum physics would be an advantage. 
The successful applicant would be required to show 
considerable initiative and take a leading part in 
research work in television, especially that concern- 
ing high definition and colour. The work will 
include development of experimental monochrome 
and colour television apparatus and ancillary 
equipment. Salary in grade with annual increments 
of {50 and maximum of £1,100 per annum. 
Applications, stating age, qualifications and 
experience to reach Engineering Establishment 
Officer, Broadcasting House, London, W.1 within 
seven days. WV 2481 
ADMIRALTY. Draughtsmen experienced in 
electrical * and/or mechanical engineering are 
required for service at various experimental 
establishments in the south of England. A know- 
ledge of electronic engineering will be an advantage. 
Appointments will, in the first instance, be in an 
unestablished capacity, but there will be an early 
opportunity to compete for established appoint- 
ments. Commencing salary will be assessed 
according to. age, experience and location of 
employment within the range of £283-£525. 
Candidates must be British subjects under age 
40 on rst August, 1950, and have served an 
engineering apprenticeship or had equivalent 
workshop experience of at least 3 years. They 
should possess the Ordinary National Certificate, 
and if over 23 years of age should normally possess 
the Higher National Certificate (or equivalent). 
Hostel accommodation is available at some 
establishments. Applications, stating age and 
details of technical qualifications and apprentice- 
ship (or equivalents) and workshop and drawing 
office experience should be sent to Admiralty 
(C.E.1I, Room 88), Empire Hotel, Bath. Original 
testimonials should not be forwarded with applica- 
tion. Candidates required for interview (at London 
or Bath whichever is nearest) will be advised 
within two weeks of receipt of application. 

W 2514 


APPOINTMENTS in Civil Aviation. Radio 
Mechanics are urgently required at Ministry of 
Civil Aviation aerodromes and radio stations in 
various parts of the United Kingdom. If you are 
between 21 and 40 and have had practical experi- 
ence in the maintenance of radio or radar equip- 
ment, call, write or telephone to Ministry of Civil 
Aviation, Room 310A, 19-29, Woburn Place, 
London, W.C.1 (Telephone: Terminus 3366, 
extension 4153), or call at any Ministry of Civil 
Aviation aerodrome for particulars. W 2513 


A 


RADIO MAINTENANCE ASSISTANTS 
wanted. Applications are invited for appointment 
as Radio Maintenance Assistant on the staff of the 
Corporation of Trinity House to maintain radio 
and radar equipment in shore stations and ships. 
Candidates should be medically fit and of British 
nationality. Candidates must possess a knowledge 
of the fundamental principles of radio and radar 
and have had practical experience in the mainten- 
ance and use of such equipment. The appoint- 
ments are permanent and pensionable subject to 
one year’s probation in accordance with Civil 
Service practice. Salary scale £330 by annual 
increments of £15 to £450 per annum. Applications 
to be made in writing to The Secretary, Trinity 
House, Ocean House, Great Tower Street, London, 
E.C.3, not later than October 7th, 1950, stating 
age, present occupation, qualifications, experience 
and enclosing copies of testimonials. 2497 


VACANCIES EXIST for Production Inspectors 
at various Admiralty establishments for duties in 
connection with the manufacture, inspection, test 
and installation of mechanical and_ electrical 
apparatus and radio equipment for H.M. ships. 
Candidates, who should be at least 25 and prefer- 
ably not more than 35, should have served a 
recognized engineering apprenticeship or equivalent 
training, followed by a minimum of three years’ 
relevant experience in industry or in Government 
service, and should preferably be in possession of 
Higher National Certificate or equivalent. A 
lower qualification such as the ordinary National 
Certificate might, however, be considered. 
Appointments will be temporary but there may be 
opportunities at a later date of competing for 
permanent posts. The salary scale is {500 by {£20 
to £625 per annum and entry will be at the 
minimum, subject to a deduction of £20 for each 
year by which the age of entry falls short of 30. 
Rates outside London are a little lower. Write, 
quoting D.374/49-A. to the Ministry of Labour 
and National Service, Technical and Scientific 
Register (K), York House, Kingsway, London, 
W.C.2, for application form, which must be 
returned completed by 14th October, 1950. 

W 2509 





SITUATIONS VACANT 


VICKERS-ARMSTRONGS, LTD., Weybridge, 
invite applications for the post of Electronic 
Engineer, to take part in electronic side of special 
projects. Write, stating experience and qualifica- 
tions, to Employment Manager, Weybridge 
Works. W 2457 


VICKERS-ARMSTRONGS, LTD., Weybridge, 
invite applications for the post of Project Engineer 
to be in charge of certain special projects. Qualifi- 
cations required for the post include experience of 
control methods and knowledge of electronics and 
instruments. Write, stating experience and 
qualifications, to Employment Manager, Weybridge 
Works. W 2458 


TELECOMMUNICATIONS- Research and 
Development Engineers for work on line com- 
munication systems are required by _ British 
Telecommunications Research, Ltd., a Company 
associated with the Automatic Telephone and 
Electric Co. and the British Insulated Callender’s 
Cables Co. Applicants should preferably have had 
experience of line communications and have a good 
all-round knowledge of the anlaysis and design of 
transmission networks. A good University Degree 
in Engineering or Physics would be an advantage. 
Starting salary, according to qualifications and 
experience, will be in the range of {£400 - {1,100 
per annum. Excellent opportunities exist for 
advancement to more senior positions. Application 
should be made to the Director of Research, British 
Telecommunications Research, Ltd., Taplow 
Court, Taplow, Bucks. W 2467 


ADMINISTRATIVE OPPORTUNITY 
Engineer 26-30, experience in light engineering, 
required to undertake training leading to responsible 
costing position in East Anglian factory. Write 
Box No. W 1179. 


RESEARCH and Development Engineers for 
work on Electronic Switching, Computing and 
Control Apparatus are required by British Tele- 
communications Research, Ltd., a Company 
associated with the Automatic Telephone and 
Electric Co. and the British Insulated Callender’s 
Cables Co. Applicants should preferably have had 
experience of one or more of the above. A good 
University Degree in Engineering or Physics would 
be an advantage. Starting salary according to 
qualifications and experience, will be in the range 
of £400-£1,100 per annum. Excellent oppor- 
tunities exist for advancement to more senior 
positions. Application should be made to the 
Director of Research, British Telecommunications 
Research, Ltd., Taplow Court, Taplow, Bucks. 

W 2468 


A NUMBER of Senior and Junior vacancies for 
Radio, Radar, Electronic, Television, etc., Develop- 
ment, Service Engineers, Draughtsmen, Wiremen, 
Testers, Inspectors, etc. Urgently required, 30 
Television Service Engineers.. Write in confidence: 
Technical Employment Agency, 179, Clapham 
Road, London, S.W.9. (BRIxton 3487). 2277 


SCIENTIFIC GLASSBLOWER for Vacuum 
Physics Laboratories, experienced in high vacuum 
work, and knowledge of glass and metal seals an 
advantage but not essential. Interesting work in 
ideal conditions and surroundings. Permanent 
staff position. Apply, stating salary expected and 
giving full details of training, qualifications and 
experience, to Personnel Officer, Ferranti, Ltd., 
Ferry Road, Edinburgh. W 2461 


MARCONI’S WIRELESS TELEGRAPH Co., 
Ltd., require staff for their modern development 
laboratories at Chelmsford, Essex, to undertake 
important development work on interesting radar 
projects. Qualified electrical engineers . and 
physicists with experience of radar are required at 
various levels. There is also scope for young men 
without experience, including those who possess 
the highest academic attainments. Where 
necessary, a period of training will be given at the 
Marconi College. Please send full details indicating 
present salary level, quoting Ref. 474, to Central 
Personnel Services, English Electric Co., Ltd., 
24-30, Gillingham Street, London, S,W.r1. 

W 2456 
E. K. COLE, LTD., have vacancies for Testers at 
their Electronics Division. Experience in the 
testing of radar communications or electronic 
equipments to Ministry specifications essential. 
Full details, in writing, to the Personnel Manager, 
Malmesbury, Wilts. W 2463 


SENIOR MECHANICAL Designers required by 
very large light engineering company in the eastern 
suburbs of London. Applicants must have wide 
experience in design, tooling and manufacture of 
small and intricate parts for use in precision light 
engineering. Some experience of the radio industry 
desirable. The salary will be from £700 p.a. 
upwards according to experience. Kindly state 
full details of experience, with age, to Box No. 
W 2503. 


LABORATORY ASSISTANTS with Ordinary 
or Higher National Certificate, or City and Guilds 
Full -Technological Certificate are required at 
Stanmore, Middx., for work with research engineers 
engaged on new developments. Experience in a 
radio or television laboratory and ability to 
construct wire and test communications equipment 
and to use machine tools are essential. Replies 
will be sent to all applications sent to the Personnel 
Officer (Ref. GBLC/KTH), Research Laboratories 
of The General Electric Co., Ltd., East Lane, 
North Wembley, Middx., which give full details of 
age, academic qualifications and experience. 

W 2501 


DEVELOPMENT ENGINEER required to 
work on acoustic measurements and design of 
audio Frequency Electro-acoustic Transducers 
(not loudspeakers), Write to Chief Engineer, 
Amplivox Ltd., Mount Pleasant, Wembley, 
Middlesex. W 2490 








CLASSIFIED ANNOUNCEMENTS (Cont'd.) 





A TECHNICIAN is required by the Radio- 
therapeutic Research Unit of the Medical Research 
Council, to assist in the operation and maintenance 
of the first ro MeV linear accelerator, which is to 
be installed at Hammersmith Hospital. Applicants 
should have had experience in workshop practice 
and in electronic techniques. The commencin 
salary will depend on age, qualifications an 
experience, but will be in the range of £400-£450 
p.a. Applications, accompanied by the names of 
two referees, should be addressed to the Director, 
Radiotherapeutic Research Unit, Hammersmith 
Hospital, ucane Road, London, W.12, and 
marked “L.A. Technician” on the envelope. 
W 1174 


RADIO VALVE Engineers. The M.O. Valve 
Company have vacancies for qualified engineers in 
connection with the development, manufacture 
and application of radio valves. Previous experi- 
ence not essential. Please apply by letter stating 

articulars and salary required to Personnel 

partment, The M.O. Valve Co., Osram Works, 
Brook Green, Hammersmith. W 2511 


ATTRACTIVE opportunities are available at the 
Research Laboratories of the General Electric 
Company, North Wembley, Middx., for physicists 
and engineers aged 25-30, with at least two and 
preferably five years’ experience in research or 
development work in one of the following fields: 
a) Microwave aerial and feeder systems. 
b) Microwave transmitters or receivers. 
c) Generation and handling of special wave- 
forms as used for television. pulse multiplex or 
computers. These positions are especially suitable 
for men with good academic qualifications, 
experimental ability and a flair for original work. 
Applications should be sent to the Personnel 
Officer (Ref. GBLC/KTH). All will be acknow- 
ledged. W 2502 


A DEVELOPMENT Engineer required in the 
laboratory of manufacturers of motorized electrical 
appliances. Age limits, 28-40. Minimum qualifica- 
tion H.N.C. Previous experience desirable. Please 
forward full details of past experience, etc., for the 
attention of Chief Engineer, to Box No. 372, 
c/o Longley's, 44, Old Bond Street, anes Ww. ; 

117 


TELEVISION ENGINEER required for central 
service department; good experience essential. 
Full details to W. H. Barnes Ltd., 36-38, Peckham 
Road, S.E.5. W 1182 


E.M.I. Engineering Development Limited offer 
outstanding opportunities for experience in 
interesting development in many branches of 
electronic engineering, including radar, radio 
communication, television receivers, audio- 
frequency engineering and magnetic recording. 
Applications will be welcomed from men with 
Engineering or Physics Degrees or the equivalent, 
with design experience. Salaries according to age 
and experience. Applicants should write, giving 
full details to Personnel Department, ED/21, 
.M.I. Engineering Development Ltd., Blyth 
Road, Hayes, Middx. W 2483 


ELECTRICAL ENGINEER for interesting 
development work on household appliances. 
Qualifications : Degree or equivalent in Engineering 
and preferably experience in this type of work. 
Applicants should write, giving full details, to 
Personnel Department, ED/20, E.M.I. Engineering 
Development Limited, Blyth Road, ee, 

2482 


A FIRM in N.W. London, manufacturing a wide 
variety of industrial instruments and controls, 
invites applications for positions as Development 
Engineers. Candidates should have a good 
theoretical background with a Degree or equivalent 
in Physics or Engineering subjects, and should 
preferably have experience of development of : 
(a) Instruments and light mechanisms. (b) Servo- 
mechanisms. (c) Industrial Electronics. Starting 
salary £400 to {600 p.a. according to qualifications 
and experience. Write Box No. W 1172. 


PYE LTD. have vacancies for Electronic Test 
Equipment Engineers. Qualifications, education, 
to G. & G. Telecom. III, or equivalent, and at least 
'two years’ experience on radio test equipment. 
Permanent positions with good prospects, pleasant 
conditions. Pay according to age, qualifications 
and experience. Apply Pye Ltd., Employment 
Department, St. Andrews’ Road, Cambridge. 

W 2515 
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AN ELECTRONIC ENGINEER is required for 
laboratory development work on measuring and 
control equipment for works use. Candidates 
should preferably have a Degree in Physics or 
Electrical Engineering and some post-graduate 
experience. Salary according to age and experi- 
ence. Applications should be made to the Director 
of Research, G.K.N. Research Laboratories, 
Manor Works, Ettingshall, Wolverhampton. 

W 2510 


CALIBRATORS (testers of electronic apparatus) 
required. Senior men able, if necessary, to perform 
all tests and calibration of electronic measuring 
equipment. First-class working conditions and 
excellent prospects of long-term and progressive 
employment for competent men. The work is 
non-seasonal. Apply, giving full details to Marconi 
Instruments Limited, Longacres, Hatfield Road, 
St. Albans. W 2489 


MECHANICAL DESIGNER ‘required by 
Marconi Instruments Ltd., St. Albans. Applicants 
must be experienced in layout of electronic equip- 
ment, and communication experience is desirable. 
Interviews can be arranged on Saturday mornings, 
for suitable applicants. Apply, giving full details, 
quoting Ref. 464, to Central Personnel Services, 
English Electric Co. Ltd., 24-30, Gillingham Street, 
Westminster, London, S.W.1. W 2488 


BELLING & LEE LTD., Cambridge Arterial 
Road, Enfield, Middx., have the following 
vacancies :—(r1) Assistant for research and develop- 
ment work in connexion with fuses and thermostats. 
(2) Assistant for research and development in 
connexion with radio aerials, components and 
interference suppressors. Applicants must be at 
least 21 years of age and be graduate members of 
the I.E.E. or hold equivalent qualifications ; some 
previous laboratory or measurements experience 
is essential. Applications, to give details of 
education and experience, and state salary 
required. W 114 


AN EXCELLENT opportunity exists for a 
Designer-Draughtsman with experience of the 
engineering design of lightweight airborne radio 
equipment. Must have good qualifications and 
first-class practical experience for an appointment 
in which initiative is essential. Apply, in writing, 
to the Personnel Officer (Ref. GBLC/KTH), 
Research Laboratories of the General Electric Co. 
Ltd., North Wembley, Middlesex, stating age, 
qualifications and record. W 2486 


SENIOR ELECTRONIC Engineer required to 
lead eventually a team working on coil and filter 
design in connexion with high priority Government 
contracts with a well-known Company in the 
London area. Candidates must be British subjects 
and should have an Honours Degree in Physics or 
Engineering, with some years’ experience in the 
design of filters and transformers. The post is 
permanent, pensionable and progressive. Apply, 
in confidence, with full particulars to Box No. 
W 2485. 


ELECTRICAL ENGINEERS or Physicists 
required with experience in the theory and practice 
of servo-mechanisms and analogue computers for 
interesting new development work near London. 
Apply, mentioning Ref. DEF, to Box No. W 2484. 


GRADUATE in Electrical Engineering— 
B.Sc.(Eng.) or equivalent Degree—required for 
design/development work in connexion with 
close-range gunnery. No previous experience in 
this field required, but a knowledge of the basic 
theory of Servomechanisms will be of advantage. 
Salary at commencement, {400 to £500 per 
annum, according to experience. Applications 
should be addressed to British Manufacture and 
Research Co, Ltd., Grantham, Lincs., quoting 
Reference AWK/MF/JH. W 1181 


GRADUATE ENGINEERS and Physicists are 
required by the Research Laboratories of The 
General Electric Co. Ltd., East Lane, North 
Wembley, Middx., for work in the fields of (a) High 
Frequency Heating. (b) Illumination. (c) Radio 
Valves. (d) Communications. (e) Waveguides. 
Vacancies exist for Junior and Senior Graduates 
and some will be especially suitable for younger 
ex-Servicemen, whose experience is limited to 
Service work. Applicants should write to the 
Personnel Officer (Ref. GBLC), quoting details of 
age, experience and qualifications. W 2498 
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INSTRUMENT DEVELOPMENT Engineer 
required for design work on mechanical and 
electrical instruments and control equipment. 
Interesting work on new projects for keen man 
with initiative and sound engineering training, 
Apply, in writing, giving details of experience and 
qualifications, to K.D.G. Instruments Ltd., Purley 
Way, Croydon, Surrey. W 2496 


TELEVISION DEVELOPMENT Engineer with 
at least four years’ laboratory experience in the 
development of Vision and Sound Receivers, 
required to a vacancy in a new section, 
Applicants should have commercial experience in 
the design of such equipment for production. 
Apply, in writing, giving age, qualifications, details 
of experience, salary required, etc., to the Personnel 
Department, Cinema-Television Ltd., Worsley 
Bridge Road, Lower Sydenham, S.E.26. W 2504 


RADIO ENGINEERS required. The General 
Electric Co. Ltd., are expanding their Radio 
Development Laboratory at Coventry and a 
number of vacancies for Senior and Junior 
Engineers exist at present and a further consider- 
able number of vacancies will occur during the next 
few months in the new laboratory. Applications 
are invited from Development Engineers with 
experience of micro-wave radio or radar techniques 
who are capable of developing equipment and com- 
ponents to Service Specifications, Write, quoting 
Ref. CHC. (3), to Personnel Officer, General 
Electric Co. Ltd., Radio and Television Works, 
Spon Street, Coventry. W 2491 


LEADING Manufacturing Company has vacancies 
for Electrical Engineers with training to Higher 
National or B.Sc. standard for the design and 
development of large industrial electronic heating 
apparatus up to 250 kW. Applicants must have 
had actual works experience and those with 
experience of heavy transmitters will be given 
special consideration. The position offers scope for 
advancement. Write, giving full details of 
education, training, qualifications, previous 
experience and salary required, to Box No. W 2493, 


NELSON RESEARCH LABORATORIES, 
English Electric Co. Ltd., Stafford, require 
Draughtsman for development work on vacuum 
devices, including industrial type electronic valves ; 
must have flair for design of jigs and fixtures for 
assembly and processing of components and be 
familiar with modern shop techniques in this field ; 
salary according to qualifications and experience. 
Apply, mentioning Reference 143A, to Central 
Personnel Services, 24/30, Gillingham Street, 
London, S.W.1. W 2492 


MARINE RADAR ENGINEER required by 
major British Oil Company for service at a Middle 
East Port. Applicants must not be over 35 years 
of age, and must be Associate Members of the 


- Institute of Electrical Engineers or possess com- 


parable Academic qualifications, coupled with 
a wide knowledge and experience of post-war 
Mercantile Marine Radar equipment maintenance. 
General knowledge and some experience of Marine 
Radio Communication Systems would be an 
advantage. The successful applicant will be 
required to institute a small maintenance depot 
capable of offering emergency service to ships 
fitted with a variety of radar equipments. He 
would also be required as a secondary commitment 
to service Marine Radio Communication Systems 
including V.H.F. radio telephone equipment. 
The post carries an attractive salary commensurate 
with the above plus a generous allowance in the 
local currency, there is a Pension Scheme, and 
terms and conditions of service are good. Write, 
giving personal particulars and details of qualifica- 
tions and experience, quoting Department F.205, 
to Box No. 2907, at 191, Gresham House, London, 
E.C.2. WiI5 


AN ASSISTANT is required in a Research 
Laboratory concerned with spectroscopic instru- 
ments. Duties will include the construction of 
experimental electronic and optical apparatus, with 
some opportunity of engaging in fundamental 
research. Some qualifications in Physics and 
Chemistry are desirable. Write, giving full 
information, to Box No. W 2512. 
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Tuis instrument has been designed in conjunction with 
A.E.R.E., expressly for measuring the small direct cur- 
rents and voltages encountered in Nuclear research. 

It can be used as a substitute for most electrometers and 
has a zero drift of only | to 2 mV per day. 

Direct indication of the voltage being measured is given 
on the panel meter and simultaneously a recorder may be 
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operated. Four voltage ranges are provided, 0-30, 0-100, 

0-300 and 0-1000 millivolts. When used in its most sensi- 

— tive condition the Electrometer gives a full-scale deflection 
for a current of 0.03 micro-micro-amps. 
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MUREX LIMITED (Powder Metaliurgy Division) RAINHAM, ESSEX °- Telephone: Rainham, Essex 24 
London Sales Office: Central House, Upper Woburn Place, W.C.t. Telephone: EUSton 8265. 
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APPLICATIONS are invited from a Senior 
Physicist or Electrical Engineer to take charge of a 
section concerned with the design of microwave 
aerial or waveguide systems. Candidates should 
be preferably 30-35 years of age with a good 
Academic background and with experience or an 
intimate knowledge of modern developments in 
these fields. The position calls for an ability to 
design these systems from a knowledge of the 
theory of diffraction and electromagnetic waves 
and from experience of established techniques. 
The work of a number of graduates and assistants 
on the experimental design and testing of the 
systems must be planned and controlled. This 
post should be particularly attractive to a member 
of a microwave aerial team during the war who 
has kept up to date with more recent published 
work. Applications should be sent to the Personnel 
Officer (Ref. GBLC/KTH), Research Laboratories 
of The General Electric Co. Ltd., East Lane, North 
Wembley, Middx., and should contain details of 
academic qualifications, age and experience. 
W 2499 
RADAR Engineering posts offering great scope 
for advancement in well-paid and interesting work, 
are immediately available in the Laboratory of 
Decca Radar Ltd. (1) For a competent Wave- 
guide Engineer who, with sound and _ broad 
experience in modern design techniques, can 
quickly prepare himself for a responsible and senior 
position where he would undertake basic develop- 
ment of a wide range of waveguide components. 
(2) For an experienced Radar Development 
Engineer to undertake responsible work in the field 
of high voltage pulse techniques. Applications, 
giving full particulars of age, qualifications and 
experience, should be addressed to Radar 
Laboratory, Decca Navigator Co. Ltd., Shannon 
Corner, Kingston-By-Pass, New Malden, aga B 
) 1186 


ELECTRONIC ENGINEER, with experience of 
low frequency feedback amplifiers and data trans- 
mission advantageous. Engineering Degree and 
apprenticeship necessary. Vacancy occurs in 
Gloucestershire. Give full particulars of experience 
and salary required to Box AC 55213, Samson 
Clarks, 57-61, Mortimer Street, London, W.1r. 

W 2505 


ENGINEER required. Experienced in electro- 
mechanical instrument design, with sound 
mathematical knowledge. Engineering Degree 
and three years’ practical experience desirable, but 
applicants with technical background to A.M.I.E.E. 
standard will be considered. Apply, with full 
details and salary required to Personnel Manager, 
Sperry Gyroscope Co. Ltd., Great West Road, 
Brentford, Middlesex. W 2507 


JUNIOR Electro-Mechanical Engineer and Junior 
Mechanical Engineer required. Engineering 
Degree and practical experience desirable. Con- 
sideration given to applicants with Higher National 
Certificate and suitable practical experience. 
Apply, with full details and salary required, to 
Personnel Manager, Sperry Gyroscope Co. Ltd., 
Great West Road, Brentford, Middlesex. W 2056 


MECHANICAL ENGINEER, experienced in 
one or more of the following, desirable: precision 
mechanical design ; hydraulics or pneumatic servo 
systems; servo theory; aerodynamics. Electro 
Mechanical Engineer experienced in electrical and 
electro-mechanical methods of computation; 
servo theory and instrument design desirable. 
Electronic Engineer for development work on 
control systems. Experience of D.C. amplifiers 
and computing devices an advantage. Applicants 
with good Academic qualifications, apprenticeship, 
theoretical background and knowledge of pro- 
duction methods for development work, write to 
Personnel Manager, Sperry Gyroscope Co. Ltd., 
Great West Road, Brentford, Middlesex, giving 
details of age and salary required. W 2508 


THE UNITED CARDIFF HOSPITALS. An 
Electrical Engineer is required to provide (or 
arrange for) maintenance and servicing of all 
electro-medical installations and equipment. He 
will be responsible for the periodic inspection and 
testing of such equipment with a view to ensuring 
that it complies with safety requirements and for 
keeping records of such tests. Previous experience 
and an interest in this type of work desirable. The 
successful candidate will be required to become a 
member of the National Health Service Super- 
annuation Scheme, and the appointment is subject 
to a medical examination. The salary will be 
£450 by £15 to £530 per annum, Applications, 


Electronic Engineering 


stating age, qualifications and experience, should 
be sent to the undersigned not later than 31st 
October, 1950. Arnold Tunstall, Secretary and 
Principal Administrative Officer, United Cardiff 
Hospitals, Cardiff Royal Infirmary, Newport Road, 
Cardiff. W 1180 


SITUATIONS WANTED 


GRAD., IL.E.E., distinction Maths., studied 
industrial admin., age 27, desires change from 
industry by entering small concern where 
individuality and personal interest in business is 
possible. Suggest consulting engineers. Experi- 
ence in communications, broadcasting, television. 
Box No. W 1175. 
ELECTRO-ENCEPHALOGRAPHIC Recordist 
requires post. London or Provinces. Box No. 
W 1190. 








FOR SALE 
MAGNETIC SOUND Recording Wire, stainless 
steel, temporary wooden spools, approx. 1} hours’ 
running time at 2 ft. per sec., 14s. per spool. 
A. Smart, 40, Grange Road, Halesowen, Worcs. 
W 1170 


WEBB'S 1948 Radio Map of World, new multi- 
colour printing with up-to-date call signs and fresh 
information ; on heavy art paper, 4s. 6d., post 6d. 
On linen on rollers, 11s. 6d., post 9d. W 102 


AMERICAN MAGAZINES. One year post 
free. ‘‘ Radio Electronics,” 32s. 3d.; ‘* Audio 
Engineering,” 28s. 9d.; ‘“‘ Radio and Television 
News,” 36s. ; “‘ Popular Science,” 28s. 6d. S.A.E. 
for full list from Willen Ltd. (Dept. 9), ror, Fleet 
Street, London, E.C.4. W 221 


I.P.R.E. Technical Publications. 5,000 alignment 
peaks for superheterodynes, 4s. 9d. post free; 
“The Practical Radio Engineer,” quarterly 
publications of the Institute, sample copy, 2s. post 
free ; membership and examination data, 1s. post 
free. Secretary, I.P.R.E., 20, Fairfield Road, 
London, N.8. W 2320 


TELEVISION. The trade is invited to contact us 
for P.M. focus rings, televisor R.F. and deflector 
coils, Low C line transformers, and new iron- 
cored inductances of high upper frequency limit 
and remarkably low ECH loss. Value for money 
assured, quality precludes low prices. Be) Sound 
Products Co., 10, Marlborough Yard, Marlborough 
Road, Upper Holloway, London, N.19. W 110 


COILS. Special inductances rH to 2H at 
RF wound to order. Bel Sound Products Co., 
Marlborough Yard, Archway, N.19. Archway 
5078. W 112 


MERCURY SWITCHES are made by Hall 
Drysdale & Co. Ltd., of 58, Commerce Road, 
Wood Green, London, N. 22. Phone BOWes 
Park 7221-2. W 107 


MAGSLIP TRANSMITTERS, 3 in.. Mk. 2 and 
Mk. 4, 21s. 6d.; magslip hunters, 2 in., Mk. 1, 
gs. 6d. S.A.E., details., K. Logan, Westalley, 
Hitchin, Herts. W 116 


FOR SALE. A.C. multiband superhet, 12/2,000 
metres, without gap, plug-in coils, dual drive, 
bandspread, variable if regeneration, magic eye, 
new; must sell, bargain, {12. Ward, 57, 
Meadway, Welwyn Garden City. W 1187 
EX-GOVERNMENT steel instrument cases, 
copper plated and finished battleship grey, size 
23 in. long, 10 in. high and 8 in. deep, excellent 
condition, 12s. 6d., with carrying handles, ros. 
less carrying handles, plus 2s. 6d. packing and 
carriage England and Wales. Weatherhead’s, 
Bletchley, Bucks. W 1183 
PROC., I.R.E., July, 1934-December, 1949, one 
issue only missing. Best offer. Box No. W 1176. 
GLASS-TO-METAL SEALS and High Vacuum 
by Hall, Drysdale & Co. Ltd., of 58, Commerce 
Road, Wood Green, London, N.22. ’Phone: 
BOWes Park 7221. W 117 


WIRE-RECORDER enthusiasts. The amazing 
A.S.P. Wire-Recorder covers full musical range. 
Now available: Record/Playback head, {2 2s.; 
Erase head, {1 ros.; Amplifier Circuit Details, 
3s. 6d. Send for free descriptive brochure. Frank 
Mozer Radio, 5, Angel Corner Parade, London, 
N.18. Tel.: TOT. 2784. Cheques and P.O.s to 
be made to Frank Mozer and crossed. 


October, 1950 


BARGAINS. Hand generators, output 300V/ 
28V, 6s. 6d.; Blower Motors, small, 6s.; Dyna- 
motors, small, 6V to 250V, 65mA, Ios.; Micro- 
switches, OC/CC,: 2s. 6d.; No. 18 set 4V Bat. 
S’het., 6/9 Mc/s. 465 k/cs., IFTs, with circ. and 
mod. instructions for other w’bands, 17s. 6d. ; 
Xtals, 455 k/cs., ros.; other freqs., 5s. (no Ham- 
bands), 100 k/cs., 3-pin, 15s.; Diodes IN22, 3s. ; 
Tuneons, 1s. 6d. Condensers, block 8kV, 0.25 or 
o.5mfd., 4s.; Potentiometers, new, asstd., 7s. 6d. 
doz. ; Condensers, bathtub, new, asstd., 6s. doz. ; 
Yaxley’s, new, asstd., 7s. 6d. doz.; Coils IFTS, 
etc., U.S., 6s. doz.; Pye Plugs/Skts., 6d., double- 
ended skts., 1s., “‘ T’’ Skts., 1s. 3d., “‘ T”’ Skt./ 
Plugs, 1s. 3d., Plugs (2) on lyd. co-ax., 1s. 6d., 
Plugs (2) on 20 ft. 4 in. co-ax. (80m), 3s. 6d. ; 
Cone Ceramic Standoffs, ribbed 3 in., 1s.; Min- 
Var. Conds. : ceramic twin 75pF, 2s. 6d.; D.E. 
75pF, 1s. 6d.; preset 30pF, 1s., 3-gang 25PF, 
4s. 6d., 5opF d/space with SM drive, 3s. 6d.; 
Epicylic SM drives, 1s. 3d.; Resistors, new, 50 
asstd., 5s. 6d.; Ins. knobs, new, 5s. 6d. doz. ; 
Metal Recs., HW, 240V 80mA, 5s., 120V 30mA. 
FW,,. 3s. 6d., 15V 6A FW, 22s. 6d., 48V 3A, 15s. ; 
Toggles, SP, 1s., DP 1s., DPDT 2s.; Trans, 
formers, std. inputs, 50C-13V CT2A, 8s., 300-0- 
300V zoomA, 6V/5A, 5V/3A, 7oV/o.1A, 
20V/0.75A, 30s.; Parmeko, 620-0-620 tapped, 
550, 375V, 250mA, 2 by 5V/3A, 42s.; RCA 
shrouded, 190/250V input, 400-0-400V tapped 
350V 2zoomA, 6V/6A, 5V/3A, 37s. 6d.; Valves, as 
June  advt. Hundreds available (surplus). 
Immediate quotations on request. Specials: New 
PT15, 8s. 6d., VR21, EAs5o, 2s. 6d., ML6, 6AC7, 
6C4, 6SL7, 5s., VSrroa, QP21, 6V6GT, 6s. C.W.O. 
S.A.E. inquiries please. W. A. Benson, 308, 
Rathbone Road, Liverpool, 13. W 1177 





SERVICE 


GLASSBLOWING, repetition and scientific, b 

Hall Drysdale & Co. Ltd., of 58, Commerce Road, 
Ww Green, London, N.22. Phone BOWes 
Park 7221-2. W 109 


A SECOND-TO-NONE rewind service, reliable, 
neat, return of post service; your television 
requirements promptly executed, EHT, LHT and 
heater transformers; stamp for quotations, 
R. E. F., 137A, Ashton Road, Oldham. W 1165 


CHARLES AMPLIFIERS LTD., are now abie 
to produce amplifiers, radio units, and electronic 
equipment to specification. Enquiries invited for 
development work and for short production runs, 
Charles Amplifiers, Ltd., 40, Kensal Road, W.10. 

W 2399 


ELECTRICAL Measuring Instruments of every 
make repaired and standardised. The Electrical 
Instrument Repair Service, 329, Kilburn Lane, 
London, W.9. Tel.: Lad. 4168. W i15r 


SPEAKERS reconed and reconditioned. Wave- 
wound Oscillator, Aerial and I.F. Coils rewound. 
Transformers, Fields, Armatures rewound. Radio 
& Transformer Services, Church Hill, Connah’s 
Quay, Chester. W 1185 





EDUCATIONAL 


CITY AND GUILDS, (Electrical,) etc., on ‘‘ No 
Pass—No Fee” terms. Over 95 per cent successes. 
For full details of modern courses in all branches of 
Electrical Technology, send for our 112-page 
handbook—free and post free. B.I.E.T. (Dept. 
337C), 17, Stratford Place, London, W.1. - 
100 


BOROUGH POLYTECHNIC, Borough Road, 
S.E.1. Department of Electrical and Radio 
Engineering. Lectures on Electronic Instruments. 
A special course of 14 lectures for advanced students 
on Electronic Instruments will be held at the 
Polytechnic on Mondays from 7 to 9 p.m, 
beginning on Monday, 2nd October, 1950. The fee 
for the course is Three Guineas, Applications for 
admission and further details may be obtained from 
the Secretary. W 2517 





WANTED 


WANTED : Signal Generator TF144G and Out- 
put Meter TF340, any condition. Leslie Dixon 
& Co., 214, Queenstown Road, Battersea, S.W.8 
Tel. : Mac. 2159. W 2454 


WANTED, TF 144G Signal Generator; TF 340 
output meter; type 339 D.B. oscilloscope. O.E.C., 
175, Uxbridge Road, Hanwell, London, W.7. 

W 1188 
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panes: modern magic of television pictures transmitted by the B.B.C. from Calais. 





-; Min- 
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eubest: The television link which spanned the channel was made possible by a quarter 193 4 
mo te of a century’s research by STANDARD in the field of Micro-wave technique. 
Nae IN 1931 STANDARD demonstrated the first Micro-wave radio-telephone 
W 1177 circuit between Dover and Calais ; in 1934 a similar system was used to 
establish the first commercial Micro-wave telegraph link between England and 
France ; now, for the first time in history, a television transmission has come 
to England from across the sea, and again a STANDARD Micro-wave link was 
if, b used to bridge the Channel. 
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_ of STANDARD’s function—to improve and continue to improve telecommuni- 
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The CHARACTERISTICS of 


SF VALVES 


HAVE MADE RADIO HISTORY 





PHOTO CELLS CATHODE RAY TUBES VALVES 





THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, W.C.2 
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CROSS- CHANNEL 
Television 





Mullard are proud to announce that their ‘‘Messenger” V.H.F. 
Radiotelephones were selected by the B.B.C. for providing 
inter-station telephonic communication for the first cross- 


channel television transmission. 






























































Z ieee Mullard products include : Thermionic 

= a a Valves and Electron Tubes—Radio and Tele- 
SSS ( iT ie vision Components — Communications 
SS a Equipment — Industrial Ultrasonic Equip- 
SSS ee ment—‘‘ Ticonal ’’ Permanent Magnets— 
= = Ferroxcube Core-Material—X-Ray Tubes— 
rire Ln] f === Electronic Measuring and Control Instru- 

> SS iy == ments — Electronic Photo-flash Tubes — 





Radio and Television Receivers. 








FOR RELIABILITY 


| 


[Mullard 








MULLARD ELECTRONIC PRODUCTS LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2. 
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COSSOR announce... 


THE FIRST 

ENTIRELY ELECTRONIC 
INSTRUMENT FOR 
TELEVISION ALIGNMENT 
AND LINEARITY GHECKS 


COSSop 














Tele-Check 


is an inexpensive instrument designed by Cossor to LIST 
PRICE 


The Television Alignment and Pattern Generator 


provide a simple, efficient and much needed aid to tele- 


vision receiver alignment. The tuning sweep of the % Carrier frequency 7-70 
mc/s. (on fundamental). 


alignment oscillator is achieved by frequency modulation Continuously variable. 


of its carrier which can be set to any frequency between te Frequency modulation up to 7 me's 


7 and 70 mc/s. A response curve of 7 mc/s. bandwidth bandwidth. 
is presented on the tube of any standard oscillograph, the % Square Wave Modulation for linearity 


time base voltage providing the frequency modulation. check of Time Bases. Frequency 400 
; : c.p.s. (Horizontal); 80 Kc/s. (Vertical). 

The instrument also incorporates a Pattern Generator 

* Maximum output 50 mV. Minimum 25 


microvolts. Standard 80 ohm output 
to be carried out in the absence of Television trans- impedance. 


which enables frame and line Time Base linearity checks 


mission. Compact, easily portable—weight under 14 Ibs. 


* Write for fully descriptive leaflet to:— 


A. G. GOSSOR LTD., INSTRUMENT DIVISION, GOSSOR HOUSE, HIGHBURY, LONDON, N.5. 


C.1. 20 
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LONDON OFFICE : 47 PARK STREET, W.| 
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HEADLAMP REFLECTORS- 
COATED BY VACUUM EVAPORATION 





BLOOD PLASMA 
-VACUUM DRIED 


—— 


TITANIUM ~ MELTED AND POURED 
IN VACUUM FURNACES 


Hopwood 





High-Vacuum 


SCORES OF INDUSTRIES have already found in Kinney High-Vacuum 
Pumps the means of applying vacuum technique—to their great 
profit. Kinney High-Vacuum Pumps are in regular use producing, 
on commercial scales, drugs, electric lamps and valves, sintered 
metals, dehydrated products, impregnated electrical components, 
lenses and other articles coated by vaporised and deposited metals. 
Many other products have been made commercially profitable by 
Kinney Pumps. If vacuum tech- 

nique can be appropriate in your 


Compound pumps ab- 
case it will pay you to write for solute pressures of 0.5 


microns, single stage 
pumps absolute press- 
ures of 10 microns. 


the Kinney Pump Bulletin 


London Office 


THIRD FLOOR, 
9 VICTORIA STREET, 
LONDON, S.W.1. 


STATION WORKS, BURY ROAD, RADCLIFFE. 
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MINIATURE TIME-DELAY SWITCHES 


Reliable, compact, bimetal switches, glass-sealed and 
evacuated, to operate after a time-delay, such as may be 
needed to allow valve filaments to heat-up. The switch 
operates on 6.3 volts and switches in a maximum of 1 amp. 
at up to 380 volts AC or 600 volts DC. Time-delay 25 to 100 
seconds. Available unmounted (Type 2TQV) or with English 
miniature 4-pin base (Type 2TQVM). For full specification 
please write for Publication TV10. Other time-delay 
switches, Publication DS10. 


SUNVIC CONTROLS LTD. 


SUNVIC HOUSE, 10 ESSEX STREET, STRAND, LONDON, W.C.2. 


Tas/sc 192 


fii 


ott tint 
li, 
mi i 


11 








12 Flectronic Engineering October, 1950: 


To the electrical and radio service engineer ... 


. i 
Hoscope_ = 





An osct 


The criterion of usefulness of a cathode-ray tube as an 
oscilloscope is the ratio of the screen diameter to the 
diameter of the spot but there is a practical limit to 
the extent to which the screen diameter can be 
reduced, even though the spot size is reduced in 
proportion. One outstanding feature of ‘this oscil- 
loscope is the comparatively large screen for an 
instrument of such small dimensions. Although the 
overall dimensions of the case are 11$ in. x 5? in. x 
4} in., the tube has a 23 in. screen. 


Ww 


| The 
Miniature 
Cathode-ray 
Oscilloscope 
_ Type 244 





METROPOLITAN-VICKERS ELECTRICAL CO. LTD. 
MANCHESTER 17, ENGLAND 


Member of the A.E.I. Group of Companies R/E 904 


ME TRO V] CK Pioneers in Radio and Electronic equipment 
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Important development 


IN THE DESIGN OF 


MULTI-CHANNEL 
V.H.F. RADIO 
TELEPHONE LINKS 


The V.H.F. Multi-channel Radio Telephone type 
VMS which has been designed by Automatic 
Telephone and Electric Co., Ltd., provides radio 
links for the transmission of international 12- 
channel carrier groups. It will handle simultane- 
ously three such groups giving a total of 36 channels 


The equipment can be supplied to cover radio 
frequencies in the bands, 40-60 Mc/s., 60-90 Mc/s, 
and 156-200 Mc/s. Under normal conditions 
ranges of 30-40 miles can be attained between 
stations and links up to several hundred miles in 
length can be provided by the use of specially 
designed relay stations. 


AUTOMATIC TELEPHONE 
& ELECTRIC CO. LTD. 


(RADIO & TRANSMISSION DIVISION) 


STROWGER HOUSE, ARUNDEL ST., LONDON, W.C.2 


Telephone : TEMple Bar 9262 Telegrams : Strowgerex, London 


él") STROWGER WORKS, LIVERPOOL 7. 
—_ 


C 





A.I410I-TX.24 
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(1) 35/160E (3) 3J/192E 
Filament Filament 

10 volts 29 amp. 5 volts 66 amp. 
Ratings Ratings 

Va 3 kV Va 7 kV 

la | amp. la 2 amp. 

Wa | kW Wa 4.5 kW 


Max. frequency 22 Mc/s 
Overall diameter 5.875 ins, 
Max. height 8.750 ins. 


Max. frequency 120 Mc/s 
Overall diameter 2.5 ins. 
Max. height 5.2 ins. 


(2) 34/260E (4) 53/180E 
Filament Filament 

10 volts 80 amp. 10 volts 28 amp. 
Ratings pe J 

Va Il kV 

las ag la 15 amp. 

Wa 20 kw Wa 3.5 kW 


Max. frequency 25 Mc/s 
Overall diameter 5.875 ins. 
Max. height 8.750 ins. 


Max. frequency 30 Mc/s 
Overall diameter 8.031 ins. 
Max. height 15.125 ins. 


Srandard Thoriated Tungsten Valves 


Incorporate thoriated tungsten filaments. 
Efficient air-blast cooling. 
Require exceptionally low filament power. 
Facilitate the design of simpler and 

; smaller radio equipment. 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 


Radio Division, Oakleigh Road, New Southgate, London, N.II 
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specialists in electronic equipment 


RADIO AND TELEVISION TRANSMITTERS AND RECEIVERS e@e COMPLETE 
TELEVISION TRANSMITTING STATION EQUIPMENT - RADIO AND 
TELEVISION DISTRIBUTION SYSTEMS e SOUND AMPLIFYING EQUIPMENTS 
e BROADCAST RELAY STATIONS e AIR-BORNE BEAM APPROACH 
EQUIPMENT e INFRA-RED APPARATUS e MULTIPLIERPHOTOCELLS e 
RECORDS e MAGNETIC RECORDING TAPE © DISCAND MAGNETIC TAPE 
RECORDERS e INDUCTIONAND DIELECTRIC HEATERS e ELECTRONIC 


MEASURING EQUIPMENT, ETC., ETC. 


ENQUIRIES ARE INVITED AND SHOULD IN THE FIRST 
PLACE BE ADDRESSED AS BELOW: 


ELECTRIC & MUSICAL INDUSTRIES LTD 


HEADQUARTERS? “HAVES. “MIO DEESEX, ENGEAND 
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The 1949-50 edition of the Ediswan Mazda Valve Manual is now ready for distribution. 
Containing 340 pages of data, characteristic curves and circuit diagrams covering a 
wide range of Ediswan Mazda Valves and Cathode Ray Tubes this handy pocket-sized 
booklet is essential to all Radio Engineers and Designers and should be on the 
bookshelf of every Radio man. Send for your copy now. Postal order 2/6d. (which 
includes postage and packing). 

%* This booklet is a condensed version of the Ediswan Loose-leaf Valve Manual and supplements the 1948-49 
edition. A few copies of the 1948-49 edition are still available, price 1/4d., including postage. 


SWAIN 


MAZDA 


THE EDISON SWAN ELECTRIC CO. LTD. (Technical Publications Dept.), 155 Charing Cross Road, London, W.C.z. 
RV220 
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JOVE 
AND HIS LIGHTNINGS 


White flame flashing earthwards from the riven sky, to split thé 
granite crag. 






bakjnd cleave the 


Olympian might made visible to mortal man, that he may know the majas 
wrath of gods. 


and in the bare passage of a century, transforms titanic omnipotence to a trail 
obsequious behind a thin wall of white porcelain. : 


TAYLOR, 
TUNNICLIFF 
PORCELAIN 


TAYLOR, TUNNICLIFF & CO. LTS. Head Office: EASTWOOD ~« HANLEY - STAFFS Sainen-Tedet $272-4 
London: 125 HIGH HOLBORN, W.C.!. Holborn 1951. Factories ct : Hanley, Stone and Long.un, Stoffs. 
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““ SCREENECTORS ”’ 


This new range of screened connectors in light alloy is 
based upon the draft R.E.C.M.F. specification for a 
non-reversible screened plug and socket to load cables 
up to 0.24 in. diameter over the braid. 


Single or multi-pole contacts may be assembled into the 
common housings which are designed so that various 
applications may be employed—e.g., line connector, flex 
plug and chassis socket and vice versa, through chassis 
(bulkhead) connector, each part interchangeable in its 
appropriate position in the assembly. 


PACKING RING 


SLEEVE 
RETAINING NUT 














Assembly Coaxial | 2-pole | 3-pole 
Flex plug L722/P | L625/P | L7IS/P 
Chassis socket L722/S | L625/S | L7IS/S 
Through chassis socket | L723 L689 L716 
Flex socket L724 L690 | L717 








Type | Impedance Resist- 


| Characteristic Contact 
|___ ohms * 


ance 





conductor | screen 


Capacitance x | 
\Conductor ‘Conductor, 














Coaxial | 75 [tess chany| nea 

2-pole | 100 mt ae | pF 2.5 pF 

3-pole | — each J =_ - 
w At! Mc/s 














Other design features include: (1) High grade nylon 
filled bakelite insulators or equivalent; (2) Simple 
assembly and loading. (3) Positive quick-action locking 
device. (4) Machined light alloy screened housing 
finished for instrument panel requirements. 


The characteristics of these connectors are shown 
opposite. 
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The Double Beam Tube presents the 
two traces over the full diameter of its 
90mm. screen and provision is made 
for both the measurement of input 
voltages and Time upon the calibrated 
dials of the instrument. Using the 
Cossor Model 1428 Camera and Motor 
Drive Model 1429 the Oscillograph is 
specially suited for the investigation of 
very low frequency phenomena and 
high-speed transients. 

Enquiries should be addressed to: ; 


A. C. COSSOR LIMITED, INSTRUMENT DIVISION, HIGHBURY GROVE, LONDON, N.5. 
Telephone : CANonbury 1234 
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A Range of 
Industrial Photocellis 








x 58CV 
End-on-Series 


As a result of extensive research both in 
material and design Mullard now make avail- 
able a comprehensive range of photocells 
ideally suited for industrial applications. 

The range falls into two main groups. The 
caesium-silver-oxide cathode (C type) cells, 
with a high sensitivity to incandescent and 
infra-red radiation ; and the caesium-antimony 
cathode (A type) cells, with a high sensitivity 
to daylight. 

Brief technical details are listed below. 


Fuller information on these and special photo- 


cells is available on request. 
































Sensi- Stee 
90CV Max. Max. Dark | tivity | ‘62. 
B7G Series Anode Cathode |Current to colour Amoplifi- 
Type Base Supply | Current temp. wee sn 
Voltage 2,700°K Saster 
(Vv) (uA) (uA) | (LA/I) 
20AV B8G 150 10 0.05 45 _ 
20CG B8G 90 5 0.1 150 10 
20CV B8G 250 20 0.05 25 ee 
Mullard 2046 BIG 120 2.8 1 200 1 
7 AV i _ 
Pps ste *90CG | B7G 90 2 0.1 125 10 
If you are not already on the *90CV B7G 100 10 0.08 20 a 
mailing list for this service of aes 
advance information on new 58CG Wire-in 90 1.5 0.1 85 9 
valves, please write to us for full 58CV | Wire-in 100 1.5 0.05 15 one 
particulars on your business 
letterheading. * These valves are included in the new Government list of preferred valves 
for the services. 


















Thermionic Valves 





Mullar and Electron Tubes 


INDUSTRIAL POWER VALVES - THYRATRONS * INDUSTRIAL RECTIFIERS * PHOTOCELLS |Mullard 
FLASH TUBES °* ACCELEROMETERS + CATHODE RAY TUBES * STABILISERS AND YA 
REFERENCE LEVEL TUBES : COLD CATHODE TUBES : ELECTROMETERS, ETC. 





MULLARD ELECLRONIC PRODUCTS LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2.  Mvt 86a 
D 
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a 


Add to these qualities a high degree of electrical 


1 Choc - a- bloc 
- a insulation and it will be seen just why the Tufnol 
hy d field of application has become so vast and 
WITH IG@AS 2 a0 Fo vaics 


Tufnol is available in standard sheets, tubes, rods, 
bars, angles and channels. It can also be supplied in 
specially moulded shapes or as finished components. 
Tufnol is the material of ideas and ideals. 












These toothsome - looking 
morsels are in fact heavy THE PROOF OF TUFNOL 


duty road spring bearings lies in our series of informative handbooks 


made of Tufnol—a material which cover the whole field of Tufnol uses and 
give all relevant data together with figures of 





> “ aia OD 
with a i bearing _on most performance under actual conditions of service. 
engineering and industrial In addition you are invited to consult our 
Technical Staff on possible future develop- 
developments. ments. Write TODAY, outlining your 


Tufnol bearing on a lime For Tufnol holds a unique requirements. 

spreader, stripped for inspec- balance between the proper- 

tion, reveals no sign of wear on : 

shaft or housing despite the ties of metal and hard- 

Present dene of lubricant,  WOOd, With none of the 
defects of either. Despite 

its low specific gravity it possesses good shear, 

tensile and compressive strength; it machines 

easily and accurately without splitting, does not 

warp, is resistant to corrosion and moisture. 





TUFNOL 


REGISTERED TRADE MARK 


\n ELL SON Product 








TUFNOL LTD - PERRY BARR - BIRMINGHAM + 228 
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SIGNAL 
GENERATORS 


A RANGE from 30 c/s to 30 Mc/s is covered 

by the Signal Generators illustrated here. 
One or other of these will be found to meet 
the requirements of most laboratories, work- 
shops and experimental departments engaged 
on audio or radio frequency measurements. 

The particular features of these instruments 
are their accuracy, stability, wave form and 
constancy of output combined with a robust 
construction suitable for bench use or for 
forward mounting on the standard nineteen- 
.inch rack. Pamphlets 11 &12 give further details 















TYPE 701 H.F. SIGNAL GENERATOR 





Range: 30 kc/s to 30 Mc/s in seven stages. 
Frequency Calibration Accuracy: +1%. 

Output Level: Variable from 1uV to 1 volt. Addi- 
tional output terminal at 5 volts. 

Modulation: Internal at 1 kc/s. External 30 c/s to 
10 kc/s. Depth variable 0 - 80%. 

Frequency Modulation: Negligible. 

Output and Frequency: Unaffected by load con- 
ditions and output constant over frequency range. 


TYPE 702 L.F. SIGNAL GENERATOR. 
Range: 30 c/s to 30 kc/s in three stages. 

Accuracy of Calibration: +1% +1 ¢/s. 

Stability: +0.5%'+ 0.5 c/s. 

Distortion: Less than 2%, 

Output Meter : Calibrated in db and open circuit volts. 
Attenuator: Standard output impedance with steps 
of —20db, —40 db, —60 db. 

Output: 100mW into 600 ohms or 15V open circuit. 








AIRMEC LABORATORIES: LTD 


HIGH WYCOMBE: BUCKINGHAMSHIRE - ENGLAND 


TEL: HIGH WYCOMBE 2060 


CABLES: AIRMEG, HIGH WYCOMBE 


DESIGNERS AND MANUFACTURERS OF SCIENTIFIC AND INDUSTRIAL ELECTRONIC EQUIPMENT 


AL (m2 
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accurately measured 


PAS Awa OR e Bis WP oe ee oe oe 
a a Sa SN a Nae a Ne 


The ‘ CINTEL’ Microsecond Counter 


Chronometer 

Will measure very short time intervals in the range 
1 Microsecond to 1 Second with an accuracy of +1yS, 
+0.005% and 10 Microseconds to 10 seconds with an 
accuracy of +10uS, +0.005%. 

The instrument has many other applications apart from 
Time measurement including Random Counting, Frequency 
Measurement, Frequency Division etc. 

For further particulars please write for Leaflet No. MCC1/1. 












































CINEMA -TELEVISION LIMITED 


A Company within the J. Arthur Rank Organisation 
FOREMOST IN THE MANUFACTURE OF 
@ Counters & Chronometer; @ Metal Detectors @ Oscilloscopes @ Photo-Electric 
Celis @ Cathode Ray Tubes e@ Geiger-Muller Tubes @ Electronic Instruments 
WORSLEY BRIDGE ROAD-LONDON:S-E:2% / 
= Telephone: HiTher Green 4600 
Northern Agents: Scottish Agents: 


F. C. ROBINSON & PARTNERS LTD. ATKINS, ROBERTSON & WHITEFORD LTD. 
287 Deansgate, Manchester 3 100 Torrisdale Street, Glasgow, $.2 
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i his smallest of their kind (Actual size 3'/32” x 3/4” x '/4”) Standard QUARTZ CRYSTALS (Type 4039) 
are artificially aged, hermetically sealed and robust to a degree. They are thus highly suitable for 
use in miniaturized stabilizing circuits of the highest stability and capable of withstanding the con- 
siderable shocks, heavy vibration and the widely varying climatic conditions which are inseparable from 
Service conditions. 

Typical of Standard’s attention to detail is the handy finger grip for easy insertion and removal of the 
QUARTZ CRYSTAL. 


Standard Telephones and Cables Limited (TELEPHONE LINE DIVISION) 
Registered Office Connaught House, Aldwych, London, W.C.2 : 


NORTH WOOLWICH, LONDON, €E.16. Telephone: Albert Dock 1401 
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JUNIVERSAL UNITS 


| RESISTANCE - CAPACITANCE - INDUCTANCE 





fp education and in industry, these units find a 


host of applications. There is a physical reality 













about them which appeals to the elementary 
student and which is necessarily missing from the 
more expensive boxes where switches are hidden 
mysteries and connexions must be taken on trust. 
This unit form of construction is economical and 
very convenient, and the moulded containers are 
sensibly engineered, so that fixing to a panel or to 
each other is quite simple. 

The price for a decade resistance unit is £3 . 8 . 3 


and delivery of most types is from stock. 
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An Important Centenary 


f Geen is the time of the year when Exhibitions 
predominate, and after the almost overwhelming 
number of Shows and Conventions which have 
claimed his attention during the recent months, the 
professional engineer may now be looking forward 
to an uninterrupted spell of his normal activities, 
but before returning to his desk or laboratory there 
is one more Exhibition which he should not overlook. 

It is the special Exhibition at the Science Museum 
organized by the Museum Authorities with the co- 
operation of the Institution of Electrical Engineers, 
the General Post Office and a number of leading 
manufacturers to mark the centenary of the laying 
of the first submarine telegraph cable across the 
Straits of Dover on August 28, 1850, by the Brett 
brothers. This Exhibition, which remains open 
until October 28, is an important one, for the event 
it celebrates may be said to be the birth of inter- 
national communications, of which the B.B.C.’s 
recent Dover-Calais Television experiment as a 
centenary commemoration is a normal development. 

Accustomed as we are today to the wonders of 
modern radio and to the rapidity with which we can 
communicate with almost any part of the world, it 
is difficult for us to realize the seclusion in which 
our ancestors lived a hundred or more years ago 
before the invention of the railways and the tele- 
graph. The electric telegraph itself arose from the 
needs of the railways for a means of communication 
from station to station. The first telegraph system was 
that from Paddington to West Drayton in 1838 and 
in the ten years that followed the main network of 


railways and telegraph systems were being pushed 
towards completion. In 1846 the London to Dover 
telegraph had been completed and it was _ not 
unnatural that the engineers of the day should look 
across the channel as a logical extension to the 


‘inland telegraph system. 


The wonder and amazement with which the laying 
of the Dover-Calais cable was greeted is expressed 
in a leader of The Times of August 81, 1950, which 
concludes with the following : 

‘* In the case of the submarine electric telegraph, 
the first and obvious effect of this instantaneous 
communication between the two most civilized and 
powerful nations of the world will be to unite them 
so closely in community of interests as to secure 
their co-operation in all designs that may promote 
the advancement of humanity and maintain the 
peace of the world.’’ 

Such an expression of high hope will be read today 
with some heartsearching and may create in many 
of us a desire to return to the good old days. 

The Exhibition itself is an exhibition of the sub- 
marine cable—a British invention upon which has 
been founded a cable making and cable laying 
industry which has remained predominately British. 

In a specially prepared handbook (H.M.S.O., 
price 2s. 6d.) entitled ‘‘100 Years of Submarine 
Cable,’’ G. R. M.‘ Garrett, of the Science Museum, 
traces the fascinating history from the Dover-Calais 
cable in 1850 and the subsequent transatlantic cable 
to the present day, when upwards of half a million 
miles of submarine cables span the world. 
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The Video Output Stage 


By EDWARD T. EMMS, B.Sc., A.R.C.S. and EMLYN JONES, B.Sc., A.M.I.E.E. 


(Mullard Electronic Research Labcratories) 


Part | 


HE television video output valve acts as a wide 

band amplifier working into a capacitance which 
is formed by the c.R.T. input capacitance, the output 
capacitance of the video valve, and stray capacitance 
due to wiring, etc. In addition, the synchronizing 
separator and noise limiter are often fed from the 
video valve anode, and the effective input capacitance 
of these stages must then be added. 

The video valve is usually driven from the de- 
modulator valve, although it may form its own de- 
modulator as in the case of the anode bend 
demodulator video stage. 

The two most common types of video valve circuit 
employed are the anode compensated stage and the 
cathode compensated stage. 

The requirement of the video stage is that it shall 
reproduce, with minimum distortion, the input wave- 
form (or the envelope of the input waveform in the 
case of the anode bend cenaidieter video stage). 
This implies that the circuit shall have an indicial 
response (i.e., a response to unit step) of high speed 
without excessive overshoot. 

The various types of video valve stage in common 
use will be examined with a view to discussing their 
relative advantages and disadvantages. To this end, 
all video stages will be designed to have a critically 
damped indicial response. This means that the 
response to unit step will have the shortest time of 
rise consistent with no overshoot. In practice the 
video stage may be allowed to exhibit some overshoot 
in its indicial response if the indicial response of the 
R.F. stages exhibits no overshoot or very small over- 
shoot. 

We shall discuss mainly the response of the video 


stage to rapid changes of the input waveform; this is . 


chiefly determined by the u.F. response of the stage. 
The average level of this waveform, however, con- 
tains information about the average brightness of the 
picture and this information must be transmitted to 
the c.r. tube. The p.c. amplification of the stage 
should therefore be equal to its amplification in the 
middle of its frequency band. With the particular 
waveforms used in television this can be achieved, if 
desired, by the use of D.c. restoration. 


Circuit Capacitances 


Likely values of circuit capacitances are given 
below :— 


Minimum Maximum 
Video Valve Anode _... 2.0 pF 12 pF 
Valve Holder and Wiring 5.0 pF 10 pF 
c.R.T. Input Capacitance 5.0 pF 9 pF 
Synchronizing Circuits ... 8.0 pF 10 pF 
D.C. Restoring Circuits and 
Noise Limiters ee ... 0.0 pF 9 pF 
15.0 pF 50 pF 


Thus we may say 

15 pF represents an absolute minimum 

30 pF represents a reasonable average for the total 
50 pF represents a probable maximum 

capacitance existing in the output circuit of the video 
valve. 

Build-up Time of the Video Stage 

The build-up time will be taken to signify the time 
for the response to rise from 10 per cent to 90 per cent 
of the final value, when unit step is inserted. 

The required build-up time of the video stage de- 
pends on the television system under consideration, 
and the number and quality of coupling circuits in the 
receiver. 

In a typical receiver, coupling networks as below 
may be employed. 

N Type 

Aerial to H.F. grid. 

H.F. Anode to Frequency Changer grid. 
Frequency Changer anode to Ist 1.F. grid. 
Ist 1.F. anode to 2nd 1.F. grid. 

2nd 1.F. anode to demodulator anode. 
Demodulator cathode to Video Valve grid. 
. Video Valve anode to c.R.7. 

Nos. 1-5 are band-pass couplings. 

Nos, 6-7 are low-pass couplings. 

It may be shown that the speed of rise is reduced by 
approximately 1/ V2 every time the number of band- 
pass couplings in the system is doubled.’ For this pur- 
pose a compensated video frequency coupling ranks 
as a band-pass coupling, while if staggered single 
tuned couplings are employed in the R.F. stages, two 
of these rank as one band-pass coupling. 

Thus we see that, depending on whether single 
tuned circuits or transformers are used in the R.F. 
stages, there are between 43 and 7 equivalent band- 
pass circuits in the receiver. Each of these must be 
designed for a build-up time t’, where 

t= T7T/V an 

n = number of equivalent band-pass couplings 

T = required overall build-up time. 

For the above values of n (44 and 7) we find t’ = 
0.47T and t’ = 0.378T respectively, the average. being 
t’ = 0.425T. Actually, some overshoot is permissible, 
so that as a representative figure we shall take 

. eae 

Fhis still leaves a value for T to be found. In order 
to estimate T we shall have to investigate the speed of 
the transmitted waveform, and also the desired defini- 
tion. In order to ascertain the speed, the complete 
amplitude and phase responses would be required. 
However, an estimate of the speed may be obtained 
using the very approximate relationship 

aiken Ee (2) 
where B = 3 db semi-bandwidth (as defined by Fig. 1) 
Tt = build-up time.* 
Thus for the B.B.C. transmission we have: 


on = 9 
a 


NID OS 





* These figures refer to the London transmission; the band width of the 
Midland’s transmitter is somewhat wider. 
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Bandwidth at 3 db down = 2.75 Mc/s. 

Build-up time (calculated) = 0.128 4S. 

Duration of picture element = 0.173 4S. 

It will be seen that the B.B.C. transmission has 
something in hand—the transmitted waveform has a 
build-up time smaller than the duration of a picture 
element. Lae do 

If the build-up time of the receiver is made equal to 
the build-up time of the transmitted wave, the overall 
build-up time will be approximately V2 x 0.128 #S = 
0.180 #S, which is only 4 per cent in excess of a picture 





Fg. I. 
Definition of B 


DOUBLE SIDE-BAND TRANSMISSION 





=< ———_—_———- B ——_______—_—__» oO 


VESTIGIAL SIDE-BAND TRANSMISSION | 
element duration. Such a receiver will reproduce the 
8 Mc/s. bars on the B.B.C. test pattern ‘‘C’’, at 
about 60 per cent of full contrast. 
We may arbitrarily specify the following criteria: 
The definition is 
very good when the receiver build-up time is one- 
half the transmitted wave build-up time. 
good when the receiver build-up time is equal 
to the transmitted wave build-up time. 
average when the receiver build-up time is twice 
the transmitted wave build-up time. 
Table I may now be calculated : 














TABLE I 
M Definition | T(uS) t’ (uS) 
Very good | 0.07 0.035 
ae / 013 0.065 
Average | 026 0.130 











T build-up time of receiver. 
t’ = build-up time of any one coupling network 
(assumed equal). 
The Required Output Voltage Swing 
The voltage output swing required is determined by 
the picture tube employed, and more particularly by 
the maximum permissible beam current which it may 
pass without serious defocusing. The maximum beam 
current for direct-view picture tubes is usually 100 #A, 
but peaks up to 200 HA may occur. On the other 
hand, acceptable pictures have been obtained in a 
darkened room with only 5 #A mean beam current. 
All Mullard direct-view picture tubes require an in- 
put of approximately : 
16 volts p-p for 100 #A beam current. 
21 volts p-p for 200 HA beam current. 


E 


Electronic Engineering 409 


Taking 24 volts as a representative figure to allow 
for tolerances and adding the correct synchronizing 
percentage of 30 per cent we require a p-p output 
voltage of 30 volts. This figure may be taken as a 
design figure for most direct view video stages. 

For the Mullard projection tube MW 6-2 the cor- 
responding design figure may be taken as 84 volts p-p. 








Fig. 2a. oO 
First order shunt anode compen- 
sation 




















Polarity of Output Voltages 


The video valve may be biased near cut-off and be 
driven positive by a white signal, or it may be biased 
just clear of grid current and be driven negative by a 
white signal. 

In the first case the output signal is applied to the 
cathode of the c.r.T., while in the second case the 
signal is applied to the c.r.tT. grid. Both methods are 
in common use. 

Whereas the average power dissipation in the valve 
is much lower in the first case, the peak power can 
be greater; for example, a receiver may be left with 
the gain control at a maximum, so that the video 
valve completely overloads on the arrival of a signal. 
The video valve is then driven well into grid current 
during the picture periods. 

In the second case, the maximum power dissipation 
occurs in the absence of any signal, and falls to a low 
value on overload. 


The Anode Compensated Video Output Stage 

The basic circuit for first order shunt compensation 
is shown in Fig. 2a. 

This type of compensation employs only one com- 
pensating element, the inductance L in series with the 
load resistor R. Higher orders of compensation may be 
employed using more elements. Table II gives some 
of these circuits with design details for critical damp- 
ing so that the indicial response exhibits no overshoot. 
Fig. 2b shows the indicial response obtained. The 
build-up times for these circuits are as follows: 


Circuit Build-up Time 
1 2.19RC 
2 1.57RC 
oe 1.39RC 
4 1.32RC 
5 1.27RC 
6 1.40RC 
Y § 1.24RC 
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Fig. 2b. 


The indicial response of anode compensated stages. 
(numbers refer to the circuits of Table Ii) 


It will be noticed that the first order shunt com- 
pensated stage gives a build up time 1.4 times faster 
than that obtained for the uncompensated stage at 
the same gain (i.e., the same value of load resistor). 
Alternatively, the same build-up time may be 
obtained with 1.4 times the gain of the uncompen- 
sated stage. This, of course, is a well worth while 
improvement 

Second order shunt compensation again shows a 
marked improvement over first order shunt compensa- 
tion and in this case it is possible to provide C: (see 
Table II) by appropriate winding of L: so that it has 
the correct self-capacitance. This has been effected, 
in one design, by winding L: on a metal former. 

High order compensation does not yield so marked 
an improvement, and it is doubtful whether the in- 
creased complexity and expense merits using a higher 
order compensation than second-order shunt com- 
pensation. 





Fig. 3a. 
Cathode compensation 
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Further considerations may influence the designer’s 
choice of video compensating circuit. For example, 
in a high-sensitivity receiver it may be deemed neces- 
sary to employ series compensation, so that the series 
choke may also serve to keep R.F. from the lead to the 
cathode-ray tube which might otherwise give rise to 
instability by being fed back to the input to the 
receiver. The presence of R.F. at the anode of the 
video valve, due to insufficient attenuation from the 
demodulator, should always be borne in mind when a 
complete design is essayed. 


The Cathode Compensated Video Stage 


Since the cathode compensated video stage is not 
so well known as the anode compensated video stage 
the principle of its operation will be described in 
detail. The basic circuit is shown in Fig. 8a. 

If the valve delivered a unit step of current to the 
load, the output voltage would rise according to an 


























TABLE IT 
NAME CIRCUIT DESIGN DETAILS RESPONSE TO 
| UNIT STEPxet/RC 
UNCOMPENSATED \-e* 
R ic 
2 
FIRSFORDER RF 
SHUNT c bjt cr? I- (lex e2* 
COMPENSATION Ly * 
3 
= & 2 
SECOND-ORDER * i tag 
I-(l+2 
SHUNT c (w2neax?) 
COMPENSATIONL C cele 
4 
Leal 
R Ly= aa 
JTHIRD-ORDER I— (9 axeaes x5 
SHUNT 2 c cg? 
COMPENSATION . 
“ C Lo=I/I6CR 
5 
R O<x<2 
INFINITE-ORDER . 
SHUNT o x- - 
COMPENSATION 
FIRST-ORDER ahs the -3x 
R Ly C= 1/9C I+ (l+3x4 2x?) 
SERIES rH dncnnc 2° “e 
COMPENSATION (72 3/8CR2 
, Ci+ Co=c 
MIXED R Lo cyte 
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t 
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(Vi) Vo TIME CONSTANT= RC/F WAVEFORM WITH CATHODE 
COMPENSATION 
t 
Fig. 3b. 


Waveforms of cathode compensated stage 


exponential curve with time constant RC, Fig. 3b(i). 
If, instead of a unit step of current, a valve current 
such as shown in Fig. 8b(ii) were delivered to the 
load, it is clear that the build-up time of the output 
voltage waveform would be reduced, and by appro- 
priate choice of this anode current waveform no over- 
shoot need be introduced. This particular anode cur- 
rent waveform is produced by an appropriate choice 
of the cathode time constant RxCx. If the input volt- 
age waveform to the stage is a unit step, the cathode 
potential also rises according to an exponential curve 
with a time constant R«Cx/F, where F is the feedback 
factor (F = 1 + gxRx). 

This cathode waveform is shown in Fig. 8b(iv). 
The actual grid-cathode voltage applied to the valve 
is the difference between this and unit step and is 
shown in Fig. 3b(v). Since the anode current of a 
pentode is proportional to the applied grid-cathode 
voltage the anode current waveform is of the correct 
shape required as indicated in Fig. 8b(ii). An 


























Fig. 4a. 
Comparison of alternative circuits 
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analysis of the circuit indicates that, for an indicial 
response which has no overshoot with the smallest 
build-up time, we require 

i OE TE ios icici insatpesedenes (3) 
and the indicial response becomes an exponential with 
a time constant RC/F (Fig. 3b(vi)).. The build-up 
time is therefore 2.19RC/F. 


A Comparison of the Anode Compensated and Cathode 
Compensated Video Output Stages 


Since first order shunt compensation and cathode 
compensation are the most widely used video output 
circuits, it it worth while making a comparison of the 
two methods. 

To make this comparison, we shall assume that the 
two circuits work into equal capacitative loads (C) 
and design them to have: 

(i) the same build-up time. 

(ii) the same output voltage. 

Requirement (i) yields 


€ i€ 
a8 *, RE cae csvicrinccscence’s (4) 


Where R: denotes the anode load in the cathode com- 

pensated video stage and R: denotes the anode load in 

the anode compensated video stage (Fig. 4a). 
Requirement (ii) yields: 


mRiV; 
— a) || Se (5) 
Where V: and V: are the required input voltages to 
the cathode compensated and anode compensated 
video stages respectively. 
Division of (5) by (4) gives 
We Ms ticdccig desiccant (6) 
Thus we conclude that no matter what degree of 
cathode compensation is employed, the input voltage 
to the cathode compensated stage must be 1.4 times 
that applied to the anode compensated stage if condi- 
tions (i) and (ii) are to be satisfied. In other words, 
the gain of the cathode compensated stage is 3 db less 
than that obtained with the anode compensated stage. 
If unit step were inserted into the circuits to obtain 
the same voltage waveform out (shape and magni- 
tude) this would imply that the grid-cathode voltage 
of the cathode compensated stage would swing 1.4 
volts for every volt that the grid-cathode space of the 
anode compensated stage would swing. This is a fact 
that is often levelled at cathode compensateéd stages 
as a disadvantage, the argument being that a cathode 
compensated stage overloads at the grid before an 
anode compensated stage, using the same valve and 
with the same build-up time and output voltage. 
However, this is not so, due to the finite build-up time 
of the input wave to the video stage in a television 
receiver. 
In practice, the input wave is not unit step but has 
a finite build-up time, this being usually longer than 
the build-up time of the indicial response of the video 
stage. As a reasonable input voltage wave we shall 
adopt that shown in Fig. 4b. 
This input wave is specified by : 


fi) =0 —-%< t<0 
F/R F< ¢ 
== ] RIT Ree OO py a a sea aioe (7) 


It may then be shown that the maximum grid- 
cathode voltage occurring in the cathode compensated 
stage is given by: 
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p | ge F=1 -Fa/R,Cy| 
Va = 1/F ] mM in 5 , : Fo/R,C 
he rae ai Ms. 
The build-up time of the input-voltage wave and the 
indicial response of the video stage are 0.8° and 
2.19R:C / F respectively, so we have 
build-up time of input wave | : es 
build-up time of indicial response of video stage 


_ O8F ¢ (9) 

— 2.19 RC PPP eee ee eee eee eee eee eee) « 
and from (8) and (9) it follows :— 

e 1 ae ip 

Va = 1/F f + (F-1) .( 2.75p ) eg (10) 


| 


tlt) 














Ape owe oe 
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Fig. 4b. 
Assured input voltage waveform 


Fig 4(c) shows the grid-cathode waveform for F = 2, 
p = 1, while Fig. 4(d) shows the peak grid-cathode 
voltage obtaining fr various values of F and p (when 
1.4 volts peak are inserted). 

It may be shown that if the build-up time of the 
input wave is greater than the build-up time of the 
indicial response of the video stage (which is usually 
true) the peak grid-cathode potential swing required 
for the cathode compensated stage is less than that 
required for the anode compensated stage for the 
same output voltage (build-up time and magnitude), 
provided F is greater than 1.7. 


> 





yRC 
O Input Wave 
2 
RC 
° O4 08 2 6 £20 


Fig. 4c. 
The grid-cathode voltage waveform for F=2 p=! for the cathode 
compensated stage 


The Required Characteristics of the Video Valve 
Since we have calculated the required build-up time 
of the video stage, and we know the required output 
voltage swing, we are in a position to calculate (a) 
the required load resistance, R, (b) the required p—p 
current swing in the valve, for those circuits most used 
in practice. 
(1) The uncompensated anode load (Circuit 1, 
Table II). 
The build-up time is given by t’ = 2.19CR. 
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\The peak grid-cathode voltage for the cathode compensated stage 
































Loading Anode Resistance p-p Current Swing 
Capaci- (R) required (ohms) required (mA) for 30 v.p.p. 
tance |--——— --—- -—--- —-- - —_— 
(pF) Build-up Time Build-up Time 
average good v. good | average} good v. good 
t’= 0.13 us | =0.065 1s} =0.035 ys} =0.13 us} =0.065 jis} =0.035 jis 
15 3,960 1,980 1,060 7.6 15.1 28.2 
30 1,980 990 532 15.1 30.2 56.3 
50 1,190 | 595 | 320 25.2 50.3 93.7 














(2) The first-order shunt compensated anode load 


(Circuit 2, Table IT). 


The build-up time is given by t’ = 1.57CR. 

















Loading Anode Resistance 
Capaci- (R) required (ohms) 
tance - er a 
(pF) Build-up Time 
average good v. good 
t’=0.13 us|} =0.065 Bs = 0.035 jus 
15 5,520 2,760 1,490 
30 2,760 1,380 | 744 
50 1,660 | 830 | 447 





(mA) required for 30 v.p.p. 


p-p Current Swing 


Build-up Time 


good | v. good 





average 





inal Wa BR 
5.5 | 10.9 20.1 
10.9 | 27 40.3 
18.0 | 36.1 67.0 





(3) The cathode - compensated stage CR = CR 


(Fig. 3(a)). 


The build-up time is given by t’ = 








Loading 
Capaci- 
tance 


(pF) 





Anode Resistance (R) 
required (ohms) 
(F)| —- -——______—__— 
Build-up Time 

average | good v. good 

t’=0. 131s) =0.065 jus} = 0.035 ps 
1.5} 5,920 2,960 1,600 
2.0) 7,930 3,970 2,130 
3.0} 11,900 5,950 3,190 
4.0) 15,850 7,930 4,260 
5.0} 19,800 9,990 5,320 
1.5) 2,960 1,480 800 
2.0} 3,970 1,980 1,070 
3.0} 5,950 2.970 1,600 
4.0} 7,930 3,960 2,130 
5.0} 9,9 4,950 2,660 
1.5) 1,780 890 480 
2.0} 2,380 1,190 640 
3.0} 3,570 1,780 960 
4.0| 4,770 2,380 1,280 
5.0! 5,940 2,970 1,600 




















2.19RC 
F 
p-p Current Swing (mA) 
required for 30 v.p.p. 
Build-up Time 
average good lv. good 
= 0.13 ps} =0.065 jis] = 0.035 us 
5.1 10.2 18.8 
3.8 7.6 14.1 
2.52 5.0 9.4 
1.89 3.8 7.1 
1.52 3.0 5.7 
10.2 | 20.4 37.6 
74 | 52 28.2 
5). | «$02 18.8 
3.8 7.6 14.2 
3.0 6.0 11.4 
16.9 33.8 62.7 
12.6 232 47.0 
8.4 16.8 31.3 
6.2 12.4 23.5 
§.1 10.2 18.8 
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From the above tables it will be seen that a valve 
giving 22 mA p—p swing will satisfy the first order 
shunt-compensated stage and the cathode-compen- 
sated stage for :— 

(a) minimum capacitance and minimum time of rise, 
(b) average capacitance and average time of rise, 
(c) maximum capacitance and maximum time of rise. 

If we add approximately 30 per cent to the above 
requirement to allow for the unusable bottom bend 
of the I.—V; characteristic, the current at Vz = —1 
for a valve of practically universal application, in 
direct-view receivers would be about 30 mA. 

There are two possible extreme applications : 

(a) working from 170 V u.t. line, 
(b) working from 330 V u.1. line. 


For the first case we require J.=30 mA at Vz,=—1. 
This implies that the value of I. at Ve = —1 when 
operating from a 830 V line will be about 85 mA, and 
the anode dissipation would then have to be about 
28 watts. It will be understood that it is not prac- 
ticable to employ a decoupled voltage dropping 
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resistor to avoid this, because of the need to avoid 
overamplification of the p.c. component. Clearly two 
valves are really required to cover all cases. 

For 170 V u.7. line application (Ve = 170 V) 

I. at Ve = —1 = 30 mA 
a 5 watts 
We = 1.25 watts (assuming I/II. = 0.25) 
For 330 V u.t. line application (Viz: = 330 V) 
I. at Ve = -1 30 mA 
W. = 10 watts 
Wa = 2.5 watts (assuming I,:/I. = 0.25) 

A valve of universal application, although an excel- 
lent idea, is not necessary in many cases. The use 
of a smaller current valve, employing cathode com- 
pensation, may result in a definite economy in H.T. 
current required, and also yield a more economic 
design. This view has been adopted in the design of 
a video stage for the Mullard Projection system. 

(To be continued) 
References 
1 Kallman, Spencer & Singer. Proc, I. R.E., 33, 1945, 169. 
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TTEMPTS by W. E. Kock and F. K. Harvey to 

‘** photograph ”? sound waves at Bell Telephone 
Laboratories are described in the July, 1950, issue of 
Bell Laboratories Record. 

The tip of a long horizontal arm was made to 
describe an arc of a circle in the vertical plane in 
front of a loudspeaker emitting a reasonably constant 
and pure note. A small probe microphone mounted 
on the tip and facing the loudspeaker picked up the 
note, which was then fed to an amplifier. The out- 
put of this amplifier was used to light a pea-lamp 
mounted alongside the microphone. (See Fig. 1). 

In order to scan the vertical sound field in front of 
the speaker the horizontal arm, driven from a small 
electric motor and gear train, was set in motion, and 
at the same time the whole apparatus was moved 
slowly away from the sound source. 

Scanning took place in a darkened room, and a 
time exposure was made during the whole process 
by a camera facing at right angles to the direction of 
motion of the trolley. 

Interesting results were obtained with an ordinary 


Fig. |. 
A sketch of the apparatus used in the experiment. The gear train 
imparts a rocking movement to the horizontal arm, moving the lamp 
vertically 






/ 
LOUDSPEAKER 
RADIATING 
SOUND WAVES 





PHOTOGRAPHING SOUND WAVES 





Fig. 2. 
Results obtained with a teleph type hand 





After publication 
of this picture in the July issue of the ‘‘ Record ”’ several observant 
readers protested that the sound ‘‘ waves ’’ appeared to be originat- 
ing in the carbon transmitter. An explanatory note in the August 
issue remarks that during the experiments it was argued that a 
reversal of the transmitting and receiving positions should not 
affect the photographed pattern. 


The scanning receiver at the end of the rocking arm was therefore 

made a sound source, and the handset was arranged with the carbon 

transmitter taking the place of the receiver. As expected, the 

resultant ‘‘sound’’ picture was the same. It is this which is 
reproduced above 


telephone handset (Fig. 2) and with the loud speaker 
in combination with acoustic lenses and _ prisms. 
Radiation from a variety of sound sources was tested, 
as well as diffractions around interfering objects and 
diffusion by divergent lenses. 


A film strip was made by repeating a set of four 
frames, each one a quarter-wave different in phase 
position—the result being a presentation of waves 
moving outwards from a lens, converging to a focus, 
and then diverging again. 
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The Performance of 
Screening Rooms 


NDUSTRIAL and medical radio frequency equip- 

ment have, for many years been recognized as 
serious sources of interference with radio reception. 
A survey by A. Turney’ has shown that fields from 
the former equipment may be of the order of 100 #V/ 
metre at distances up to about half a mile from the 
site of equipment having an unscreened work circuit. 
The field from a totally screened equipment was con- 
siderably lower, and the following describes a con- 
tinuation of this work to determine the efficacy of 
simple forms of screening in reducing the field. 
Tests have been carried out on four examples and 
from the results obtained an attempt to deduce for- 
mule explaining the behaviour of these rooms has 
been made. Features affecting the performance of 
the rooms are also discussed. 

The formulx derived should prove useful in pre- 
dicting the performance of a given screen or, in a 
less direct way, should enable the most economical 
design of screen to be obtained for a desired reduc- 
tion in the field. 

The efficacy of a screen depends in general on the 
type of radiator (or receiver) enclosed and on the 
size of the room, as well as on the quality of the 
screen itself. For the frequencies used in these tests 
the dimensions of the screening rooms were small 
compared with the wavelength. Schelkunoff’ has 
shown that for this case the attenuation will be less 
for a magnetic dipole than for an electric dipole, and 
the former type of radiator was, therefore, used in 
the tests in order to deal with the less favourable 
case. 


Screening Rooms and Test Equipment 


The four rooms examined were of similar construc- 
tion and differed only in the screening material used. 
A prefabricated construction was employed, each 
room consisting of six sections forming the walls, 
roof and floor which could be bolted together by 
5/16 in. Whitworth bolts. Each section comprised 
a wooden frame on which the screening material was 
meunted, and contact between the various sections 
of the screening -was obtained by wrapping the 
material round the edge of the framework so that 
adjacent sections were held in contact by the bolts. 
The room dimensions were approximately 6 ft. 6 in. 
by 6 ft. 6 in. by 7 ft. The door, constructed similarly 
to the rest of the room, was reinforced round the 
edges with thin steel channel, and opened and closed 
by sliding in a steel channel along top and bottom 
of the aperture. A similar channel was fitted along 
the door jambs. Contact between the door and the 
room was maintained by spring loaded balls spaced 
every 16 in. down the vertical edges of the door. The 


materials forming the screen for the four rooms were 
as follows :— 

Room No. | : Perforated Zinc Sheet : 

Sheet thickness: 0.015 in. 

Hole diameter : 0.080 in. 

Spacing between holes: 0.145 in. 
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Angle between rows of holes: 60° 
Fractional area taken up by 
metal : 0.56 


Room No. 2 : Electro-galvanized Expanded Steel : 


Sheet thickness: 0.022 in. 

Gap between punchings: 0.031 in. 

Mean thickness of galvanizing: 0.00014 in. 

Fractional area taken up by 
metal : 


Room No. 3 : Tinned Iron Mesh : 


Wire diameter: 
Mesh size: 


0.27 


0.020 in. (25 s.w.G.) 
0.25 in. square woven 
(‘‘4 mesh’’) 
Tinned before weaving, no bonding between wires. 
Mean thickness of tinning : 0.00026 in. 

Fractional area taken up by 


metal: 0.16 


Room No. 4 : Galvanized Iron Wire Netting : 
Wire diameter : 0.027 in. (22 s.w.c.) 
after galvanizing 

0.60 in. between 

centres 
Galvanized after weaving. 

Mean thickness of galvanizing: 0.0016 in. 

Fractional area taken up by 
metal : 


Transmitters 


Mesh size: hexagonal: 


0.09 


of conventional design were used. 
The radiating element was a tuned unbalanced 
screened loop. The loop current was measured by 
a thermocouple ammeter connected in series with the 
loop at the earthy end of the circuit. Four sizes of 
loop were used to cover the frequency range of 
0.75 Mc/s. to 24 Mc/s. The power supply for the 


“transmitter was obtained from batteries and a rotary 


transformer. In this way the screening properties of 
the room could be examined without reference to 
the efficacy of any filtering in leads entering the 
room. 

The receiver used for measuring the field was an 
Army receiver R.206 modified for the measurement 
of field strength. 


Measurement of Attenuation 


The transmitter, and screening room when present, 
were mounted on a platform which could be rotated 
about a fixed axis. The radiating loop was mounted 
vertically and arranged so that the diameter was on 
the axis of rotation and approximately at the centre 
of the room. The receiver was set up at a fixed dis- 
tance from the transmitter site and the polar diagram 
obtained by rotating the transmitter platform and 
noting the readings ‘for various angular positions of 
the platform. 

The tests were carried out at six frequencies har- 
monically related in the range of 0.75 Mc/s. to 
24 Mc/s. Polar diagrams for the unscreened trans- 
mitter were obtained at these frequencies, and the 





r, 1950 


Inst.P. 


|-W.G.) 
woven 
’) 


vires. 


WG.) 
zing 


used. 
lanced 
ed by 
th the 
zes of 
ge of 
yr the 
‘otary 
ties of 
ice to 
g the 


as an 
2>ment 


esent, 
tated 
unted 
as on 
entre 
d dis- 
gram 
1 and 
ns of 


: har- 
s. to 
rans- 
1 the 





October, 1950 


procedure repeated for the transmitter enclosed by 
the screening rooms in turn. 

A good earthing system was provided at the trans- 
mitter site and the effect of earthing of the trans- 
mitter and screening room examined. 

The results of the field measurements were plotted 
in the form of polar diagrams. At each frequency 
the readings were adjusted to refer always to a given 
loop current so that all diagrams could be plotted 
on a single graph, and the attenuation for the various 
screening rooms read directly from the graph. It 
was immediately apparent, however, that the 
attenuation so obtained would depend to some extent 
upon the position on the polar diagram at which com- 
parison between screened and unscreened transmitter 
was made, as the diagrams departed slightly from 
the theoretical shape. The magnitude and nature of 
the departure varied from case to case and were best 
observed on diagrams relating the ratio EY / E7/2 to 
v, EY is the field at the receiving site in a direction 
making an angle ¥ with the axis of the dipole. By 
this method of plotting the well-known “ figure 8 ”’ 
diagram should be obtained with the longitudinal 
axis lying in the plane of the loop (¥ = 7/2). 

Two departures from the ideal figure were apparent 
from these diagrams, (i) a small angular displace- 
ment of the longitudinal axis from the direction ¥ = 
7/2 and (ii) a difference in the diameters of the two 
halves of the figure 8. These can be explained by the 
presence of fields from (i) a horizontal magnetic dipole 
with its axis at 90° to that of the main dipole and 
moment not greater than 1/10 that of the main dipole 
and (ii) a vertical electric dipole of moment not 
greater than 1/20 that of the main dipole. Both 
effects were random and uncontrollable. However, 
so long as the stray fields are small compared with 
the main field, the mean value of readings within 
the angle ¥ = 90° + 30° and ¥ = 270° + 30° is prac- 
tically unaffected by the presence of the stray field. 
The diameter of the ideal circles is approximately 
1/2 db greater than this mean value. The attenua- 
tion calculated from the diameters of these circles 
for each of the rooms is shown in Fig. 1. The theo- 
retical curves derived as described in the following 
section are shown for comparison. 

Room No. 1 showed a marked difference in be- 
haviour from the other rooms. Fig. 2 shows the 
results from three series of measurements made on 
this room and illustrates the following features: 
(a) the first series of measurements showing a wide 
departure from the theoretical value, (b) and (c) the 
final results obtained after effecting considerable 
improvement in the contacts between the room sec- 
tions and showing the effect of setting the plane of 
the transmitting loop parallel or perpendicular to 
the side containing the door. These points are dis- 
cussed further in the last section. 

The condition of earthing of the transmitter and 
screening room is not specified in these figures as it 
had little or no effect on the field. 

The effect of displacing the loop from the centre of 
the room was examined but only a small variation of 
the polar diagram was observed. 


Theoretical Analysis 


In the following, formule are developed for calcu- 
lating the attentuation due to a screening room from 
a knowledge of certain electrical parameters of the 
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ATTENUATION, db 





Cd) 





-75 45 3-0 6-0 12-0 24:0 
FREQUENCY Mc/s 


Circles show experimental results. 

Az Theoretical curve neglecting mesh reactance. 

B = Theoretical curve corrected for mesh reactance. 

C = Theoretical curve corrected for mesh reactance for uncoated 
mesn. 


Fig. |. 
Attenuation-frequency characteristics of screening rooms 


room. To simplify the analysis the room and trans- 
mitter will be considered as a sphere with a magnetic 
dipole at the centre. Since the material from which 
the rooms were constructed is not in the form of a 
continuous sheet a solution from the direct applica- 
tion of Maxwell’s equations is not practicable. An 
alternative approach to the i is developed 
below. 

At radio frequencies any magnetic shunting be- 
comes negligible, and the attenuation of the field from 
the dipole is due entirely to the currents induced in 
the screening and may be divided between the follow- 
ing two cumulative actions: 

(i) Attenuation due to currents induced around the 
circumference of the screen. This may be regarded 
“es a short circuited transformer action or reflexion 
Oss. 


Fig. 2. 
Test results on Room No. | 
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---o--- =C Final tests. Loop parallel to door. 
= Theoretical curve. 
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(ii) Attenuation due to eddy currents induced in 
the thickness of the metal, i.e., skin effect or trans- 
mission loss, which is an important factor only for a 
screen of continuous sheet. In the case of a mesh, 
skin effect occurs in the metal alone and the trans- 
mission through the air holes may be considered as 
practically unaffected over the short distance of the 
mesh thickness. The mesh may therefore be regarded 
as a system of transmission lines of two kinds, one 
representing the air path and one the path through 
the metal, feeding a common terminating impedance. 
The number of lines of each kind may be taken as 
proportional to the fractional areas S: and S: of the 
air and metal paths respectively. If % and % be the 
respective attenuation constants the transmission loss 
is given by: 

A’ = 1/[S: exp(—2%d) + S: exp( —2d)] 
. where A is the field attenuation and_d = thickness of 
the screen. The attenuation constant in the metal 
will invariably be much greater than in the air, so if 
S: is not vanishingly small we have 
S: exp( —2%d)>>S: exp( —24:d) 
and A’ = exp(2%d)/S: 
i.e., A ~ exp(%d)/ VS: 
If the linear dimensions of the holes are large com- 
pared with the thickness of the screen the propaga- 
tion through them will not differ greatly from that 
in free space, i.e., %d will be very small, and 
A=~1/VS: 

For the rooms tested the minimum value of S$: was 
0.44 so that the maximum value for A was V2.27, 
i.e., 34 db. This applies to room No. 1. For other 
rooms the values of A were as follows: No. 2—1.5 db; 
No. 8—0.7 db; No. 4—0.3 db, i.e., for the last two 
rooms A may be regarded as unity to a first approxi- 
mation. The attenuation due to skin effect may 
therefore be neglected and the transformer action or 
reflexion loss is all that need be considered. This 
effect may be evaluated from circuit theory or the 
field impedance concept. The first method of 
approach is particularly convenient when the screen- 
ing surface is within the induction field of the radia- 
tor, i.e., when the radius of the sphere is less than 
\/27. Also it involves the use of more generally 
understood engineering concepts and since the radius 
of the rooms examined was always less than 4/27 
this method has been adopted here. Both arguments 
of course give identical formule. 

The field strength E due to a magnetic dipole is 
proportional to its moment M. For two concentric 
coaxial dipoles the total external field is 

E=E: + E: 

where the bar denotes a complex quantity and the 
suffices denote primary and secondary dipoles respec- 
tively. The attenuation of the primary field due to 
the coupled secondary dipole is then 
A=E:/ (E:+ E:)= M:/ (Mi + M:)= bi 

ee eg = a 1/(1+M:/M:)=1/ (1+a) 
where a=M:/Mi=m2I:/ mh 
and m = magnetic moment per unit current in the 
circuit. 

For two coupled circuits we have the relation 

I:/ Th a —Zie | Zor 
where Zx: = self-impedance of secondary circuit, and 
Zz = mutual impedance betwen the circuits. 
For the case considered 
Zu = joLe 
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(Lz = mutual inductance) and Zz may be written as 
Zu + Zee = Zu + joLe 
where Z:: = internal impedance of secondary circuit, 
i.e., impedance associated with the fields 
in the conducting surface. 
Zee = external impedance of secondary circuit, 
i.e., impedance associated with the field 
in space. 
_ I. = external inductance. 
Then I:/Lh= —jeL / (Ze: + jeLz) = Lu / Le(jZei / Lz —1) 
At low frequencies Zz is simply R:, the resistance of 
the secondary circuit. In general Z: may be related 
to R: by a complex factor K such that Z::1 = KR:. It 
follows that : a ea 
Zai [| Le = KR: / ©L2 = KD, 
where D: = 1/Q: is the dissipation factor. Hence we 
may write me _ 
a= mL / miL2(jKD: —1) = Qo / QGKD:-—1) 

The quantities a and D: may be evaluated for a 
spherical sheet and for a mesh of a spherical form on 
the assumption that the current distribution remains 
essentially the same as in a sphere of continuous 
sheet. 

The case of a conducting spherical surface with a 
dipole in the centre has been solved analytically by 
H. Kaden’ who has shown that the secondary field 
H: in the sphere, due to the currents induced on its 
surface, is parallel to the axis of the dipole and uni- 
form over the volume of the sphere. It may further 
be shown‘ that the distribution of the induced cur- 
rents to produce this field is given by 

le ‘= te sin 0 
and H: = 2 2/3 

where i: = linear current density along a circular 
path in a plane perpendicular to the axis 
of the dipole. 

= equatorial value of iz. 

= } the linear angle subtended by the cur- 
rent path at the centre of the sphere. 


oP 
“a 


~ 
Ss > 


Further: I = Jf tr sin 8d 8 =2nrtr 
“o 
m: = M: | siti! | Sedle=27 rz /3 
I: 
mm = NS: 


[a = (3/21) ee: = 27H | 9 


m 
rl 


HoHiN:S: [1 = NsSute [ Br: 


radius of sphere 
area enclosed by current path. 


where r: = 
N = number of turns. 


V: = volume of sphere. 
#. = permeability of free space 
= 47 x 10-"H/ metre. 


Hence ao=m:eLa: f nule= 
(271: /3)(NiSiMo / B72) / (N:S:)(27Hor2/9)=1 
and 4=1/ |1+1/ GKD:—1)}= 
{h -iKD») | jKD-=jQ:/K +1 


i.e., A = 1A! =Q:/K where K = |K[ 
The attenuation is therefore equal to the quality fac- 
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tor of the room provided K does not differ greatly 
from unity. 

The value of R: the effective resistance of the room, 
required to calculate Q:, is given by 


R: = ae: Rs’ “eee 7 


where S’ refers to the surface of the sphere and R.’ 
represents the effective surface resistance of the mesh. 
R:’ may be related to Rs, the surface resistance of the 
material from which the mesh is made, by the 
quantity C., where 
R:’ = Rs/Cn = 1/°tCn 

where ¢ = volume conductivity of the mesh material, 
= thickness of an equivalent conducting layer 

having uniform radial current distribution. 


~ 


For a continuous sheet 
t ‘cosh 2p — cos 2 
z= OVD : 
cosh 2p + cos 2p : 
where p = d/8 and 5 = depth of penetration. 

C. is a function of the mesh size and shape. Most 
forms of mesh or perforated sheet may be simulated 
by two (or more) interlaced sets of parallel strips or 
wires, at an angle f to each other. The surface resis- 
tance of such a mesh depends on the direction of the 
current flow (unless 2 = 90°) but a close approxima- 
tion to the mean value is given by the resistance in 
the direction of one set of wires, and when d > 8 


R.’ = Rsc/b . Ca = b/c 

where c = spacing between the wires. 
b = width of each strip or diameter of wire. 
The expression for attenuation then becomes 

A=Q:/K=¢L2] KR:=CiHor: | 3Rs = (27 / 8)fHor:7t (Ca / K) 
At frequencies such that d < 6/2, when the conduc- 
tor is electrically thin and there is no skin effect, t 
is constant and equal to d. The internal reactance 
is then negligibly small and K = 1. In this region, 
therefore, 








A = (27/8)fHor:7dCn 
i.e., the attenuation is proportional to frequency. 

At frequencies such that d > 25 (which was the case 
during the tests) the skin effect is practically fully 
developed and 

t = § = 1V (7fuc) 

(where # = #’ and #’ = permeability relative to free 
space). At the same time the internal reactance in- 
creases to a value — equal to R:, and K 
becomes equal to 1 + j, i.e, K‘= V2. The attenua- 
tion is then 

A = 2onVTfpoo]/o’ | 8V2 
Writing ¢ = o'°.,where 9% is the conductivity of 
copper = 58 x 10° mhos/metre, and putting 4 = 
47 x 10-' H/m, we obtain when m<A/27* and 
d>26 

A=10'rCiVof/u | V2 , 
where f denotes frequency in Mc/s. The attenuation 
is now proportional to (frequency)?. 

The formula just derived was obtained on the 
assumption of uniform secondary field inside the 
sphere. This will be correct for a very close mesh, 
but with an open mesh the field will be distorted at 


* Errors are small up to r, = A/2 but increase rapidly for values of 
tT, >A/2. 


F 
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the mesh surface. It is convenient to consider this 
distorted field as composed of the uniform field of a 
continuous sphere, having superimposed on it a local 
distortion field due to the non-uniformity of the con- 
ducting surface. The uniform field gives rise to the 
reactance “L:2 as calculated previously, while the dis- 
tortion field gives rise to an additional reactance, 
which will be capacitive for wires perpendicular to 
the direction of the electric field, and inductive for 
wires parallel to it. The former may be neglected 
for the frequency range covered by this report, but 
the latter can explain the flattening, or even falling 
off, of the attenuation characteristics observed with 
some of the rooms. 

Macfarlane” has developed the following formule 
for the surface reactance of an infinite plane grating 
when energised by a plane wave, with the electric 
field parallel to the conducting strips 

Xs’ = V#o/€ (c/>) In cosee (7b / 2c) 
provided that c << A and 
b/e<<1 
This can be written as 
Xs’ = (1/2)V#o/€ (2c/) In cosee (7b / 2c) 
= (1/2) V Ho / € a 

(1/2)V#0/€. may be recognized as the surface 
impedance of surrounding space to an infinite plane 
sheet with uniform current distribution (V#./¢. on 
each side of the sheet, the two sides being in parallel), 
i.e., external surface impedance of the sheet. This 
impedance may be denoted in general as Zse, giving 
the expression 

Xs = Zee & 


Pending a rigorous solution, it will be assumed that 
the function a is invariant with respect to the shape 
of the surface formed by the grating, provided that 
this surface is unbounded and the conductors are 
everywhere parallel to the electric field. The value 
of X;’ is then found in each case by evaluating and 
substituting for Zse the impedance corresponding to 
the particular surface and current distribution. 

It was shown that the external impedance of a 
spherical surface energized by a spherical magnetic 
wave is 

Zee = joLa = j27 Hor: /9 (<A / 27) 

Also, the internal resistance was found to be 

R: ad 27R:/8 
The relation between total and surface quantities 
must be the same for internal and external impe- 
dances, thus we can write 

Zae = 27Z 5/8 
hence Zse = jMors / 8 
for a sphere. 

The mesh surface reactance Xs’ now becomes 
Xe's = (Mor: / 8)ax 
This reactance is, of course, external to the conductor, 
but as it is a function of the mesh size and shape it 
will be more convenient to associate it with the in- 
ternal impedance, and include its effect in the correct- 
ing factor K which now becomes 
[(1+j)Re’+jXs'] / Re 
1+j(1+ X:'/ Rs’) 
1 +j[1 + (Por: /3Rs )x] 
1+j(t+ Qin) 
and a = (2c/A) In cosec (7b/ 2c) 
= f (2c/300) In cosec (7b/ 2c) 

= 10° (f /6n) in cosec (7C./ 2) 
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. where n is the mesh number, 1.e., the number of con- 
ducting strips per inch. In practice the conducting 
strips may have thickness comparable with their 
width, or round wires will be used. Now it can be 
proved’’ that with C.<<1 a round wire is equiva- 
lent to a strip of width b’ equal to twice the wire 
diameter. Generalizing, the conductor may be con- 
sidered as an ellipsoidal cylinder of mean diameter 
s= (b + d)/2 
The expression for mesh reactance is now 
X.’ = 10-* (Q:f'/6n) In cosee [(7/2)(2s/c)] 
= 10-* (Q:f'/6n) In cosec (Cx / 2) 

. where C.’ = (1 + d/b)Ci 

For very thin strips C.’ = Cs, and for round wires 
C.’ = 2Cr. 

To extend the application of the attenuation for- 
mula, the case of a composite material must also be 
considered. If Zs: and Z.: be surface impedances 
(internal) of the outer and inner material respec- 
tively, d, and 4: the thickness of, and depth of 
penetration in, the coating and Zs: equivalent 
surface impedance of the composite material, then 

Zsi ~ Zsz: when di << 5, 

Zui ~ Zar when d: > 6, 
and in the region of transition from one metal: to 
another, the values of © and v’ for the inner material 
may be used together with a correcting factor C:, 
where 





3 . he cosh (2p:+8)—cos 2p: 
Cr = |Zs2/Zsi] = (Zee / Zn) Js (2p:+2)+cos 2p: 
where pi=di/ 8: and B=In[(Zs:+ Zs:) / (Zs: -—Zs)] 

To summarize the foregoing, the attenuation of a 
screening room, constructed from a mesh of conduct- 
ing material, may be given by 

A =0:/K= 10° » (C:/ K) Vo'f [Hw 
where 2r-=diameter of equivalent sphere = geo- 
metric mean of the room dimensions’, 
o’ =conductivity relative to copper, 
#’=permeability relative to free space, 
f =frequency in Mc/s. 
K=|1+j[1+10~-* (Qef /6n) In cosee (7Cn/2)]| 
C.=b/c where b = width of strips or diameter 
of wire, i 
c = spacing between wires, 


If the material from which the mesh is constructed 
is composite (e.g., tinned copper, galvanized iron), 
the above value for A must be multiplied by the 
factor Cr, given above, and © and #’ then refer to the 
inner material. 


Discussion and Conclusions 


Comparison of the theoretical and measured 
attenuation characteristics in Fig. 1 shows a general 
agreement in shape and magnitude. This would 
suggest that errors due to approximations in the 
theoretical argument are of the same order as the 
experimental errors. ; 

Outstanding features of Room No. 1 were its in- 
stability and very high peak values of attenuation. 
The external inductance, Le, for all rooms was of the 
order of 1#H, i.e., a reactance of about 62 at 1 Mc/s. 
It follows that a resistance of less than 6m®2 is 
required to produce the theoretical attenuation of 
60 db at this frequency. With such a low value of 
total resistance in the circuit, the contact resistance 
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between its parts becomes a matter of primary 
importance. Moreover, when the low surface resis- 
tance has been obtained by the use of zine in the 
form of perforated sheets, the flat and easily oxidized 
surfaces are particularly liable to produce a bad 
contact. Even after inserting copper braiding 
between most of the joints, the readings varied over 
a range of 10 db. For the same reason attenuation 
was highest with the loop parallel to the door when 
large currents could be induced in the door even if 
it were completely isolated from the rest of the room, 

The characteristics of the other rooms show a 
fiattening or even falling off in attenuation at higher 
frequencies. This may be explained by the mesh 
reactance X’s becoming comparable with, and even 
greater than, the resistance R’s. For each mesh 
there will be a frequency range within which X’s is 
much less than R’s. In this region the conductivity 
of the mesh material will determine the attenuation 
and the spacing of the wires is immaterial if Cn is 
kept’ constant. On the other hand, for frequencies 
at which X’s>>R’. the attenuation becomes indepen- 
dent of the conductivity and inversely proportional 
to the spacing of the wires (again if Cy is kept con- 
stant), the formula becoming 

A=Ja/X':=¢L2 | ole x=1/x=6n 10° / 
fln cosee (7C1’ / 2) 

Over a range of frequencies from very low to very 
high values the attenuation characteristics will vary 
from proportionality to frequency through a region 
of proportionality to (frequency)? to proportionality 
to (frequency)-’. The frequencies at which transi- 
tion from one law to another will take place are 
defined by the conductivity and permeability of the 
screening material and by the mesh dimensions. If 
the total resistance of the screen is kept constant, 
the upper frequency limit of the region of propor- 
tionality to (frequency)! may be raised by using a 
closer mesh. Thus if two screens be made, one of a 
close iron mesh and the other of a more open copper 
mesh, the value of R’s being the same in both cases, 
the two attenuation characteristics will coincide at 
lower frequencies, but that for the close mesh of 
inferior material (iron) will be much better at higher 
frequencies. 

The effect of mesh reactance was not observed in 
Room No. 1 and has not been calculated since the 
approximations used in deriving the formula for X’s 
are not valid when C: approaches unity. 

The attenuation characteristic of Room No. 2 falls 
off at higher frequency more rapidly than expected. 
This suggests that the mesh reactance is greater than 
that given by the formula for X’s. The flat diamond 
shape of this mesh must distort the field close to the 
mesh more than the square mesh having the same Cn. 
This result is, therefore, to be expected. 

The rather low theoretical value for Room No. 3 
suggests that too high a value of v’ (64) was assumed 
for iron in the calculation. The effect of a non- 
magnetic coating on a ferro-magnetic material is 
shown in Fig. 1(d) where the theoretical curve for 
the same mesh uncoated is plotted (curve C). The 
coating of this mesh was very uneven, having been 
obtained by dipping. The mean thickness (obtained 
by chemical analysis) was used in the calculation of 
curves A and B, but the experimental results suggest 
that the effective thickness was rather less. 
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As only one size of room was examined, the effect 
of room size on attenuation could not be observed. 
It has been shown theoretically, however, that A 
varies as r: provided m<A/27 (and X’s<R’s). The 
dependence of A on rm: becomes more complicated 
when 7:>A/27, but the formula developed can be 
used up to m=A/2 (i.e., f=150 Mc/s. for m=1 m) 
with an error not greater than —8 db. 

The analysis has been made for the case when no 
conductors pass through the walls of the room. It 
provides not only a qualitative explanation of the 
behaviour of the room, but leads also to a fairly 
simple formula for calculation of the attenuation. 
Several approximations have been made and the 
analysis is not regarded as rigorous. Close agree- 
ment, however, has been obtained with experimen- 
tally determined values. In particular, the analysis 
applies only when the discontinuities introduced by 
joints between the various sections of the room may 
be neglected. Neglecting these discontinuities the 
performance of the room naturally improves as the 
impedance of the material used in its construction is 
made smaller. In practice, however, a limit is 
imposed by the difficulties met in obtaining a 
sufficiently low contact resistance between the sec- 
tions as the impedance of the material is reduced. 
Thus when a very high attenuation is required it may 
be more economical to use a double screen of higher 
impedance material. 

In general, the best performance will be obtained 
by using a material of high conductivity, low per- 
meability and small mesh size. In some circum- 
stances, however, the properties of the conductor 
from which the mesh is made may have little or no 
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effect on the performance of the room. A particular 
point to note is that whereas in a room constructed 
from continuous sheet the skin effect improves the 
performance, the contrary takes place when the 
screening material is in the form of a mesh. 

Since completing the above work the analysis has 
been carried out in a more rigorous manner and has 
been extended to cover all frequencies, and experi- 
ments are being devised to check the theory at the 
higher frequencies. It is hoped that data on the per- 
formance of screening rooms constructed from a con- 
ductor in the form of a mesh can be tabulated from 
the results of these tests and thus provide useful 
information for designers. 
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Semi-Stabilized Black Level for 
Television Receivers 


By C. H. BANTHORPE. (Central Equipment, Ltd.) 


HE mean potential of the video waveform of a 

television receiver is normally above black level, 
and during usual programmes stays fairly steady, only 
changing markedly for short intervals. If, therefore, 
the c.R.T. is A.c. coupled to the video stage, 
the brilliance control has to be advanced if the con- 
trast control is advanced. If, however, it is D.c. 
coupled, the control must be reduced if the contrast 
is increased. It is possible therefore by using A.c./ 
D.c. coupling for the black level to stay constant for 
different contrast levels, the brilliance control merely 
setting black level. 

This simple arrangement will only work if the mean 
potential of the video waveform does stay steady, 
and, as stated, in practice this is nearly so. With 
this circuit, once the brilliance is pre-set, increasing 
the contrast makes the white whiter, and below 
blacks blacker, which is what is required if, for in- 
stance, the picture is viewed with more light on it 
during an afternoon transmission. If the picture is 
viewed in darkness, the contrast control would be 
reduced, the whites becoming less white, and below 
black less black. 
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The circuit has other advantages, one being that it 
is possible to obtain the Al voltage for the c.R.7., if 
a tetrode, without having a high u.t. line, since the 
cathode of the c.R.T. is now considerably below H.T. 
and the Al to cathode potential increases during 
whites, reducing defocusing. Finally, if the p.c, com- 
ponent is fed to the cathode of the c.r.T. via a long 
time-constant, the brilliance flutter which occurs 
because of reflexions from aircraft can be greatly 
reduced. The use of a long time-constant in this way 
seems to have been first suggested by E.M.I. in 
Wireless World, April 1949. 
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A Valve Voltmeter Circuit 


By R. KITAI, M.Sc. (Eng.) (Rand) 


HE voltmeter described was designed for use in 

the students’ laboratory, the requirements to be 
met being versatility in voltage and frequency 
ranges, and low cost. In view of the fact that the 
instruments were to be used mainly by inexperienced 
students, particular attention was paid to overload 
protection and rugged construction, and a somewhat 
insensitive meter-movement (0-1 mA) was therefore 
aimed at. 
Specifications 


(i) A.C. Voltage Ranges 

Four ranges giving full-scale defiexions of 1, 
5, 25 and 100 volts r.m.s. a.c. The instrument 
is peak-reading with a scale calibrated to read 
0.707 of the peak of a sinusoidal a.c. voltage. 
The 1 V range is non-linear, but by off-setting 
the zero (as described below) the linear meter 
scale may be used to give direct readings of 
0.2-1 V on this range. a.F. voltages (20 to 
20,000 c/s.) are applied to terminals on the meter 
panel. R.F. voltages (5 kc/s. to approximately 
300 Mc/s.) are applied to a probe containing a 
separate D.c. peak conversion circuit. 


(ii) D.C. Voltage Ranges 
Four ranges giving full-scale deflexions of 1, 
5, 25 and 100 volts. All ranges are linear. The 
input resistance is 50 megohms. 
(iii) Protection 
The current through the milliammeter cannot 
exceed approximately 1.3 mA on all a.c. ranges, 
and cannot exceed approximately 2 mA on all 
p.c. ranges for any overload condition. 


Accuracy 

Within 2 per cent of full-scale deflexion on all 
ranges. The H.T. supply voltage is regulated to 
provide operation at mains voltages between 200 
and 250. 

(v) Zero Adjustment 
If correctly zeroed on the 1 V range A.c. or 
D.c., the instrument is automatically correctly 
zeroed on all other ranges without the aid of 
additional pre-set controls. 
(vi) Meter Scales 
The same scales are used for a.c. and D.c. 
voltage readings. 
Circuit 
Referring to Fig. 1, it will be noticed that two 
similar circuits are used for the conversion of A.F. 
and R.F. voltages to peak p.c. voltages. Few com- 
ponents are needed in the circuits, while the impor- 
tant advantages of a separate circuit for R.F. 
measurements are threefold :— 

(a) A short time-constant circuit can be used 
giving a fast response of the indicating meter to 
fluctuations in the R.F. signal voltage. 

(b) Difficulty in mechanical construction is 
avoided, it being unnecessary to provide a special 
receptacle in the apparatus into which the probe 


(iv) 


* 70,000 ohms. 


is plugged when connexions are made to ter- 
minals on the meter for a.F. voltage measure- 
ments. The probe is simply stored in the 
removable lid of the instrument and is plugged 
in when needed. 


(c) Since a short time-constant circuit is used, 
a small capacitor C: results in a very compact 
probe. (The probe constructed is 4 in. long and 
1 in. in diameter.) 


The calibration of the instrument is not dependent 
on the component values in the circuits within their 
frequency ranges. 


Since the remainder of the circuit concerns itself 
with the registering of the p.c. voltages developed 
across R: and R,, it is possible to measure D.c. volt- 
ages developed across a high resistance (Rs) switched 
into the same circuit. The polarity of the pD.c. volt- 
ages across R: and Rs necessitates the grounding of 
the p.c. positive terminal. The instrument is made 
to read on the same meter scales on A.c. and D.c. by 
shunting the milliammeter (Rs) when measuring A.F. 
and R.F. voltages. 


Valve V: is essentially an impedance transformer 
operating with a small negative bias under quiescent 
conditions, an impedance transformation of 50 
megohms to 1 megohm being obtained. R: is the 
zero-adjustment control, while Rs is a screwdriver 
adjustment used to reset R: when valves are changed. 


The second impedance transformation takes place 
in valve Vs and its circuit, the cathode load being 
15,000 ohms. This low impedance circuit permits the 
use of the 0-1 milliamp meter, with its associated low 
values of iange change resistors. (The highest 
resistance required in this circuit is of the order of 
Adjustable 5 watt or 10 watt wire- 
wound resistors are ideal and can be easily set with 
the precision required.) 


Overload Protection 


The voltage-overload protection circuit comprises 
the resistors Ris to Ra and the diode portion of V.. 
The static bias of the diode is adjusted so that the 
diode conducts only when the meter current is, say, 
1.3 times that required for full-scale deflexion on any 
particular a.c. range. Since the diode resistance 
(when conducting) and the resistances Ris to Roo are 
considerably lower than 1 megohm in the cathode 
circuit of Vs, the cathode of Vs is held virtually at 
earth potential and the triode section of V: cuts off 
with a much lower input voltage than would other- 
wise be the case. 


A further protection circuit is necessary for the 
period between switching on and the commencement 
of electron emission in Vs. Should the H.T. supply 
build up before Vs conducts, valves Vs and V; will 
fire, giving rise to a severely unbalanced bridge and 
overloading of the meter on the lower voltage ranges. 
To overcome this the rectifier Vs is of the indirectly 
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R,, 400Q wire-wound 





R, 20M 4 watt u 
R, 10M 4 watt Ri, 15k 10 watt wire-wound 
R, 10M 3 watt Rig 25k 10 watt eat 
Re 50M 3 watt Ri, Approx. 10 alue 
R, 50M 2 — “dependent on meter 
R, Approx. 100Q2 wire- used) 
wound. (Value de- R,; Approx. 3k wire-wound 
pendent on meter used) Rie pacino 15k wire-wound 
- pe bsg ae oo Riz Approx. 60k wire wound 
aa Ry, 2500 } watt 
R, 20k wire-wound rheostat Rio 2k 4 watt 
Rip 1M 4 watt Roy 10k 2 watt 


heated type, its heater being under-run at a voltage 
of 5.9 instead of 6.3 volts, and the building of the 
H.T. is thereby sufficiently delayed. 


Non-Linearity on | Volt A.C. Range 

The non-linearity of the diode probe and A.F. cir- 
cuit at low potentials can, of course, be overcome 
by the inclusion of a special meter scale for this 
range.. It seems more expedient, however, to utilize 
the large linear portion of this range for direct read- 
ing on the meter scale. Curve A in Fig. 2 is the 
meter deflexion vs. applied voltage, the resistance Ru 
being adjusted to provide full scale deflexion with 
1V R.M.s. input, the instrument being initially 
zeroed with no current through the meter. The 
region 0.15 V to 1 V of the curve is linear, while 
voltage readings below 0.15 V are never reliable 


Fig. |. 


Complete schematic of the valve voltmeter. Component values are given 


below. 


R,, 25k 10 watt wire-wound V, 6Q7GT 

Roo 4k 10 watt wire-wound V, 6V6GT 

Ro, 2Q wire-wound V, VR90 (OB3) 

Roy 5Q wire-wound V, VRIS50 (OD3) 

R,, 5Q wire-wound M_ 0-1 milliammeter (Ernest 
C, 0.002.uF mica Turner Model! 505 scaled 
C, 0.02uF mica to read 0-1, 0-5, 0-25) 
C; 0.01 uF mica N, 350-0-350V 60 mA 

C, 2uF paper N, 6.3V 2A 

V, Mazda DI N, 5VIA 

V, Mazda DI S, 3-pole 3-position switch 
V, 6X5GT S, 2-pole 4-position switch 


unless the diode heater currents are carefully regu- 
lated. It is possible to obtain voltage readings from 
approximately 0.2 volt to 1 volt directly on the meter 
scale by off-setting the zero and readjusting resis- 
tance Ru. The procedure is as follows :— 

On the 1 V range and with zero input voltage, the 
meter current is adjusted to 0.1 mA. Resistance Ru 
is now adjusted to provide full-scale deflexion with 
1 V R.M.s. input, giving the curve B in Fig. 2. On 
the 0-5 V range the off-setting of 0.1 mA is reduced 
to 0.02 mA due to the additional resistance (Ris) in 
the meter circuit. This error can usually be 
neglected, but may also be taken into account by 
readjusting Rss slightly to give the correct full-scale 
deflexion with this slightly off-set zero. 

The value of Ru arrived at by this procedure is 
that value needed for direct measurement of D.c. 
voltages on the 0-1 volt range with shunts Rs and Rs 
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out of circuit, the meter being then zeroed on 0 mA, 
and the entire scale being linear. 


On R.F. and a.F. ranges then, the range switch is 
turned to the 1 volt position and the pointer adjusted 
to read 0.1 mA with zero input voltage. The instru- 
ment is then correctly zeroed for all a.c. ranges and 
provides direct reading of a.c. voltages between 
6.2 V and 100 V r.m.s. On D.c. ranges the range- 
change switch is turned to the 1 volt position and 
the pointer adjusted to zero. 


Finally four factors instrumental in reducing the 
complexity and cost of the voltmeter might be men- 
tioned :— 

(1) The procedure of zeroing the instrument on 
A.C. ranges permits the use of the same scale for all 
D.c, ranges with the removal of two shunt resis- 
tances. No special meter scales are required. 


(2) The low values of the range-change resistors 
permit the use of inexpensive wire-wound resistors 
in common use. 

(3) Valves Ve and V; perform the three functions 
of regulating the u.T. supply, reducing ripple in the 
H.T. supply, and providing the second fixed potential 
point. 


(4) The instrument is constructed from standard 
components which are in easy supply. 
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APPLIED VOLTAGE 





° 2 ‘4 6 8 
METER CURRENT (mA) 


Fig. 2. 


Curve B shows how the off-set zero provides direct 
reading from 0:2V to IV A.C. on the linear meter scale 





Silicones and Other 


—A GENERAL REVIEW 


O judge from the variety of notes on their 
properties which have appeared in recent years, 
one might be excused for thinking that the silicones 
were a panacea for all manufacturing ills. The radio 
industry seems somewhat doubtful of this, which is 
understandable, since it frequently suffers from the 
effects of over-enthusiasm within its own ranks. 
Nevertheless, the silicones have many useful appli- 
cations in radio manufacture, and can be of consider- 
able value if their qualities are properly understood. 
The necessary understanding can only be gained by 
examining the origin and nature of this group of 
materials. 


Manufacture 


The first step in the manufacture of silicones is 
the preparation of silicon tetrachloride (SiCl:). This 
is obtained from sand, coke and chlorine, the coke 
acting as a catalyst. 

The second stage is the replacement of one or more 
of the chlorine atoms by a hydrocarbon group, form- 
ing an organo-silicon chloride. This is modified by 
hydrolysis and condensation to produce the silicone. 

It is clear that a wide variety of organo-silicon 
chlorides can be produced, since there are many 
different hydrocarbon groups which can be used, and 
each offers three alternative chlorides, according to 
the number of chlorine atoms replaced. The versati- 
lity of the silicones is thus made more reasonable, 
since there is at least one for each organo-silicon 
chloride. 

If all the chlorine atoms are replaced, another 


Silicon Compounds 


By D. W. THOMASSON 


range of substances can be obtained, of which ethyl 
silicate (Si(OC:Hs):) is perhaps the most important. 
This substance has been known for a little more than 
a hundred years, and, though industrially useful, has 
given so much trouble through instability that it has 
been little used. 


It is not impossible that this has given rise to some 
of the distrust of silicones. It will be shown later 
that a way has been found of making ethyl silicate 
reliable enough for industrial use, but the silicones 
need no such provision. Stability is one of their 
most important features. 


Characteristics 


To understand why silicones are so stable, it is 
necessary to know their structure. This is based on 
a framework of silicon-oxygen-silicon linkages, which 
is also found in glass, quartz, flint, porcelain, and 
other well-known silicon compounds. All these 
exhibit the same stability, which arises from the 
strength of the basic linkages. 


In particular, the silicones have a high heat 
stability, similar to that of quartz glass. They also 
have high specific resistances, as might be expected, 
and are suitable for H.F. insulation purposes. 


They range from oils to hard moulding materials 
in consistency, and include rubbers, lacquers, 
greases, thermo-setting resins, and paint bases. All 
these share in some measure the useful features of 
the natural silicon compounds, while adding a few 
of their own. 
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Applications 

Each type of silicone has its own special field of 
usefulness. The oils and greases, for example, have 
features which make them valuable for use in 
vacuum apparatus. Some have extremely low 
vapour pressures and enable very low pressures to 
be reached. Furthermore, they do not decompose 
at high temperatures in the presence of air, permit- 
ting a more rapid change-over of the pumping 
system, without waiting for the pump to cool. 

“The oils and greases are also useful for high tem- 
perature lubrication, as they retain their charac- 
teristics up to 300° C., while the working range 
extends far below zero in the opposite direction. 

The rubbers retain their elasticity at temperatures 
up to 270° C., and have been used for gaskets in jet 
engines. They are useful where elasticity is required 
in the neighbourhood of hot surfaces, as in valve 
retainers and cushions. 

The resins may be used for wire insulation, when 
temperatures up to 180°C. are permissible. Such 
insulation would not suffer from accidental contact 
with the soldering iron, and would be valuable in 
many awkward corners where ordinary plastic in- 
sulation will not last. The rubbers may also be used 
for insulation purposes. 

For transformers, there are many interesting pos- 
sibilities. The radio industry has recently been 
exhorted to improve its standards of tropicalization 
in respect of such components. The best way of 
doing this is to employ silicone varnish for wire 
insulation, the winding being impregnated with 
similar varnish on completion. For the larger types, 
immersion in silicone oil would provide the final 
touch. 

The result, with or without the oil, is real 
tropicalization. If the oil is not used, the trans- 
former can be finished with a coat of silicone 
moisture-repelling varnish. Water will then run 
away as it is said to run off the proverbial duck’s 
back before permeation can occur. Meanwhile, the 
working temperature can be doubled. 

Glass fibre insulation may be improved by impreg- 
nation with silicone varnish. The flexibility and 
strength are increased without loss of the glass 
characteristics.* 

A last example, iron dust cores are liable to serious 
damage from damp when protected only by ‘‘imper- 
meable varnishes” or thin wax coatings. If the dust 
is bonded in silicone resin, the effect is the same as 
would be obtained by sealing in glass. Such cores 
can withstand the worst humidity conditions. 


Other Silicon Compounds 

These notes would not be complete without some 
mention of the uses of ethyl silicate and its deriva- 
tives. 

The value of ethyl silicate lies in its power to 
deposit silica. It reacts with water to give silicic 
acid and ethyl alcohol. On heating, the ethyl alcohol 
evaporates, and the silicic acid dehydrates to produce 
a very fine and highly reactive form of silica. 

This silica may be used in conjunction with suit- 
able ‘‘fillers’”? to produce a variety of substances. If 
ethyl silicate, sillimanite, and water are mixed in 








* A recent article by Hoptroff and Rosevear (J.J.H.E., II, 97, 191, May, 
1950) points out that this type of insulation does not stand up to the “ exhaust 
steam ”’ test, the silicone varnish being ‘‘ washed out.” This is a good 
example of the limitations of silicones, which necessitate a closer understand- 
ing of their properties if they are to be used with success. 
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correct proportions, and poured into a mould, a jelly- 
like substance is produced. This may be dried and 
baked to produce a substance which is rock-hard, 
and suitable for use in precision moulds for casting 
metal. A milling cutter made by this process by 
copying from an existing cutter was ready for use 
without machining. A tolerance of +0.002 in. per 
linear inch can be obtained with these moulds. 

Other filler materials produce different kinds of 
finish. An example is a material having the texture 
and electrical characteristics of porcelain, and the 
strength of cast iron. 

It has been mentioned that certain difficulties 
arise in the use of ethyl silicate in industrial appli- 
cations. In its original form it is unstable in the 
presence of moisture, and may “‘gel’’ at any time 
without warning. 

This has been overcome by the production of a 
series of modified silicon esters, which retain the 
characteristics of depositing silica by reaction with 
water, but are standardized for reaction times by the 
addition of inhibiting agents. 

These modified esters, which have a long ‘‘shelf- 
life’’, are produced under the name ‘‘Silesters’’ by 
Silicon Developments, Ltd. Several varieties are 
available, having different reaction times and giving 
different grades of silica. 

The applications of these esters and a_ thermo- 
setting resin derived from them have not been 
explored in full as yet. Their use requires consider- 
able care for good results, but it is to be hoped that 
they will justify their present promise of being 
valuable materials. 

The Other Side 

After giving so much credit to the silicones, it is 
necessary to end with a corrective. All these good 
points exist, and are of value, but there are bad 
points, too. 

The silicones are -relatively new materials, and 
their acceptance is not encouraged by the lack of 
adequate working information. It would be a great 
help if specific details of the characteristics of the 
different varieties could be obtained. 

Another point is the supply difficulty. Silicones 
are obtainable in this country, but not as readily 
as one might wish. The vacuum oils can be obtained 
from W. Edwards & Co., Ltd., and various firms 
supply the varnishes and resins. 

Not all of the varnishes and resins available are 
of top quality, however, and their use is hampered 
by the lack of information mentioned above. With 
better quality products and properly documented 
information, the silicones would find acceptance far 
more readily. 

Conclusion 

The ‘‘corrective’”’ was placed last, for it is of great 
importance. It would not be fair to end, however, 
without reaffirming the intrinsic value of silicones. 
The value is there, though clouded by inadequate 
knowledge of its limits. 

As with so many other developments, the 
Americans have made the silicones their own 
speciality, if not monopoly. It is to be hoped that 
the production ‘of these valuable materials will 
receive deserved attention in future, at the expense 
of some of the earlier “‘boom’’ materials, which have 
already been tried and found wanting. That would 
be better than putting up with the best we can get. 
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Precision A.C. Voltage Stabilizers 


By G. N. PATCHETT, Ph.D., B.Sc.(London), A.M.I.E.E., M.I.R.E. 
(Bradford Technical College) 


Part 11 


Elimination of the Unwanted Voltages 


T is obvious that for accurate work it is essential 

to eliminate the unwanted voltages produced by a 
lamp bridge. These unwanted voltages were shown 
to consist of two parts :— 

1. A voltage of supply frequency 90° out of phase 
with the supply. 

2. A voltage of three times the supply frequency. 


One method that has been used,” although not 
electronic, is of interest. The output from the bridge 
is fed to a wattmeter movement (a modified energy 
meter), the other coil of the movement being con- 
nected across the supply. As both components are 
‘‘wattless”’ they produce no torque on the movement. 
This method can only be used where a mechanical 
movement is required. . 


OUTPUT 





Fig. 5. 
Lamp bridge input and compensated output 


From the analysis it is seen that the lamp (assum- 
ing tungsten filament) behaves as a resistance and 
capacitance in series (or in parallel) and it should 
therefore be possible to eliminate the quadrature 
component by a suitable capacitor in parallel with 
the resistance arm. This method is quite successful 
and Fig. 5 shows the output with compensation 
applied in this way. The value of the capacitor 
required varies from 0.003 to 0.03 microfarads, 
depending on the lamp and voltage applied to the 
bridge. The practical value was found to be some- 
what different to that calculated, and this was 
assumed to be due to the inevitable stray capaci- 
tances across the arms of the bridge. For the com- 
pensation to hold it must be arranged that the stray 
capacitances remain constant. This arrangement has 
the disadvantage that at high frequencies the bridge 
is a long way from balance, due to the low reactance 
of the capacitor, and high frequency ripple is likely 
to occur as shown on Fig. 5. This could be overcome 
by a capacitor in series with the resistor instead of 
in parallel, but, unfortunately, the value of capaci- 
tance required is too large to be a practical proposi- 
tion. Some improvement can be obtained by con- 


necting a large capacitor across a section of the 
resistance arm, say 1/10th of the total. This method 
of compensation was found to be satisfactory so long 
as the amplification following the bridge was not too 
great, i.e., the indicator across the stabilizer input, 
or, if across the output, the stabilization was not less 
than about 1 per cent. 

Another rather better method from the point of 
view of high frequency ripple is shown in Fig. 6. The 
reactance of C’ is arranged to be much smaller than 
R’, so that the voltage across C’ lags the supply volt- 
age by 90°. By arranging the correct values of C 
and R’, the voltage across C’ can be made to neutralize 
the unwanted quadrature component of the bridge 
output. This arrangement has been found very satis- 
factory. None of these methods reduces the figure of 
of merit of the bridge. 

Having compensated for the quadrature com- 
ponent it now remains to eliminate the third har- 
monic output. The arrangement first used was that 
of having two similar bridges fed off the supply so 
that their input voltages were 60° out of phase. This 
causes the third harmonic output voltages to be 180‘ 
out of phase and so cancel out. Although the 
arrangement was successful it was found to be too 
complicated and difficult to adjust. It was found 
easier to climinate this harmonic output by means of 
a filter tuned to reject 150 c/s. Efficient L-C filters 
for this frequency are difficult to make, so a parallel-T 
R-C filter was used. This is shown in Fig. 7 and has 
been dealt with by a number of authors.“”” It can 
be shown that the filter rejects a frequency of 


and that at any angular frequency © the ratio of 
output voltage to input voltage is 


1 — (@/ &)’ 








leo / es| => oo 
V1 + 14 (@/a) + (@/a)' 
Fig. 6. 
Circuit for neutralizing the quadrature component of the bridge 
output 
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Fig. 7. 
Parallel-T filter for removal of third harmonic. Typical values: 
R = 100k ©, C = 0.0106 » F 


with a phase angle 

a a 

@ [ @ — Wp | w 

where “ is the angular frequency rejected. In the 
ee ® is made 27150 and therefore at 
50 c/s. 


tan-* 


eo/e: = 0.55 at an angle—56° 18’. 

This, unfortunately, reduces the overall figure of 
merit of the bridge, but the loss of wanted voltage 
can easily be made up in the amplifier if the 
unwanted components are completely eliminated. A 
result obtained by this method is shown in Fig. 8(a) 
where it is seen that the harmonic is completely 
eliminated. The remaining ‘‘hash”’ is due to rather bad 
high frequency ripple on the a.c. supply and the use 
of a capacitance across one resistor arm for quad- 
rature compensation. Fig. 8(b) shows the output for 
a 1 per cent change in bridge voltage, both records 
being to the same scale. This method has been used 
successfully with the second method of quadrature 
compensation in complete stabilizers, both with the 
indicator connected across the input and the output 
terminals of the stabilizer. With the indicator across 
the output it was not found practicable to get a 
stability better than about 4} per cent due to the 
unwanted harmonic voltages. Although it is theoreti- 
cally possible to eliminate the quadrature and third 
harmonic unwanted voltages, when the ratio of 
unwanted voltages to wanted voltage is high, one 
finds in practice that the above unwanted components 
are not true sine waves, due to harmonic in the supply 
and second order effects in the bridge which have 
been neglected, and it becomes extremely difficult to 
eliminate the higher frequencies without causing 
other troubles. It can be shown theoretically, by 
an analysis similar to that in the appendix, that the 
b™ harmonic in the supply produces unwanted har- 
monic components of b + 2 and b—2, as well as a 
voltage of the b‘" harmonic. 

Glynne” has used quite an interesting method of 
eliminating the unwanted components. He uses a 
double bridge and an L-C circuit tuned to 150 c/s. 
The operation of the circuit is rather involved and 
the output is only 40 per cent of that from a single 
bridge. The initial adjustment appears to be difficult 
and it would appear only possible to adjust the 
bridge with a cathode ray oscillograph. A change in 
one side of the bridge relative to the other also upsets 
the compensation. The methods given by the author 
are easily adjusted without the need for an oscillo- 
graph, and may be used with only slight modification 
for the other non-linear devices to be considered. 
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Effect of Ambient Temperature 


The effect of ambient temperature when lamps are 
operated on a.c. is similar to that on D.c.” and 
negligible if they are operated above about one- 
tenth of their normal voltage. 

Stability 

The effect of vibration is, in general, the same as 
that when the lamps are operated on p.c.,” where it 
is shown that normal high voltage lamps are very 
unstable when subject to vibration and changes in 
bridge balance of up to 5 per cent have been obtained. 
To overcome this trouble special lamps must be used. 

The determination of the operating point, design 
of the resistance arms and the response time are 
exactly similar to the D.c. case and have already 
been considered.” No compensation for the incre- 
mental response time is possible as in D.c., since 
otherwise a large proportion of the supply voltage 
would appear in the output. 

Summarizing the properties of a lamp bridge we 
have :— 

Disadvantages :— 

1. Rather small figure of merit. 

2. Large unwanted voltage. 

3. Instability due to vibration unless special lamps 

are used. 

4. Large power consumption for many applica- 

tions. 








Fig. 8. 


(a) Efficiency of the circuit of Fig. 7 in eliminating harmonic ripple 
(b) Resultant ouput, to same scale, after a | per cent charge in bridge 


voltage 
Advantages :— 
1. Effect of ambient temperature may be made 
negligible. 


2. Long life if operated below the normal voltage. 

In view of the above it is seen that a lamp bridge 
may be used across the input to a precision stabilizer, 
but the stabilizer then suffers from the disadvantages 
of this position but is not suitable for use across the 
output of a stabilizer unless the accuracy is low (not 
generally sufficient for a precision stabilizer). 
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Barretters 
Figure of merit 

Over a small range it can be shown that a barretter 
also follows the law V = kl", but the value of n is 
now much higher than a lamp and values up to 40 
are possible. The figure of merit therefore approaches 
unity. 
Effect of Ambient Temperature 

A barretter characteristic changes considerably 
with ambient temperature so that both the bridge 
balance voltage and the figure of merit alter. The 
latter is important if the bridge is connected across 
the input to the stabilizer. The magnitude of the 
change of balance voltage depends on the barretter 
and the operating point, but is of the order of 0.1 per 
cent per C*. 
Stability 

The effect of vibration on barretters appears to be 
small, but depends on the type of construction. The 
stability with time also appears to be good; in a 





Fig. 9. 


A-directly heated. B-indirectly heated 
Courtesy Standard Telephones and Cables, Ltd. 


Sealed Thermistors. 


particular case a change of only 0.002 per cent per 
hour taking place. A barretter is very sensitive to 
draughts and appreciable changes occur due to 
draughts caused by persons moving in the vicinity. 
This can largely be overcome by the use of a suitably 
designed box, but the design is not easy as the power 
dissipated by the barretters is large. No effect 
similar to this could be detected with tungsten 
filament lamps. 
Response Time 

It was soon found that barretters are very sluggish 
in action and take several minutes after a change of 
voltage to settle down to the new equilibrium con- 
dition. In a particular case only 90 per cent of the 
change occurred in 15 seconds and the final value was 
not reached for 8 to 4 minutes. It was expected that 
the incremental response time (the time for 63.3 per 
cent of the change to take place) would be large, 
but this is not the case. The time of response is of 
the order of 0.1 second and obviously, if quoted alone, 
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is very misleading. Morton” states that there is no 
appreciable time lag with a barretter, but this 
appears to be incorrect and it depends on how 
accurately the results are taken. It is assumed that 
the initial rapid rise in resistance is due to the com- 
paratively small mass of the filament and the much 
slower rise in resistance is caused by the gradual rise 
in the gas temperature, to the new equilibrium tem- 
perature, under the new power input conditions. 


Magnitude of the Unwanted Voltages 


Qualitatively the analysis of the unwanted voltage 
in a lamp bridge can be applied to a barretter bridge. 
Experimentally it is found that the magnitude of the 
unwanted voltage is of the same order as that of a 
lamp bridge operating at the same voltage. This is 
presumably due to the fact that the incremental 
response time is similar, the long time lag having 
little effect on the rapid cyclical variations in heating. 

From the above it is seen that the ratio of the 
wanted to unwanted voltages is about three times 
that of a lamp bridge under the same conditions of 
operation. Similar methods may be used for eliminat- 
ing these unwanted voltages as with a lamp bridge. 


B 


VOLTAGE 


(@) 








A CURRENT 
Fig. 10. 
Thermistor Characteristic 


We may summarize the properties of a barretter 
bridge as follows :— 


Disadvantages 


1. Large effects due to ambient temperature. 

2. Large changes due to draughts. 

3. Long time lag. 

4. Power consumption large for most applications. 


Advantages :— 


1. Larger figure of merit than lamp bridge. 
2. Larger ratio of wanted to unwanted voltages 
than lamp bridge. 
In view of the disadvantages it appears that a 
barretter bridge is not suited for use in a precision 
stabilizer. 


Saturated Diodes 


The author has had no experience of bridges using 
saturated diodes, but this principle is used in 
America“ and by other authors.’” It is essential to 
use a special diode for the purpose and it is interest- 
ing to note that one has just been placed on the 
market in this country. 
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Thermistors 


The type of thermistor used for this purpose con- 
sists of a small bead of semi-conducting material 
having a high negative temperature coefficient, sealed 
into an evacuated or gasfilled tube.““*” Directly 
heated and indirectly heated types (heated by a 
separate heater) are available and are shown in Fig. 9. 
The response time of the indirectly heated type appears 
to be too long for use in precision stabilizers and will 
not be considered further. The great advantage of 
the thermistor bridge is its large figure of merit; this, 
as will be shown later, approaches infinity, while the 
unwanted output voltage is somewhat less than that 
of a lamp. As the author has found this to be by 
far the most suitable bridge for a precision stabilizer 
it will be considered in detail. 


Figure of merit 


A typical voltage/current characteristic for the 
type of thermistor used is shown in Fig. 10. As the 
current is increased the temperature of the bead 
increases causing the resistance to decrease, this 
decreasing the rate of rise of voltage over the portion 
AB. Over the portion BC the decrease in resistance 
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LOG CURRENT 


Fig. II. 
Thermistor characteristic plotted to logarithmic scales 


is so great that the voltage actually decreases as the 
current increases, i.e., the thermistor has a negative 
slope resistance. Beyond point B the thermistor is 
unstable on a source of constant voltage and would 
be destroyed due to overheating. By plotting the 
characteristics to log. scales as in Fig. 11, it is seen 
that over the portion BC (corresponding to BC in 
Fig. 10) the characteristic is approximately straight, 
showing that the thermistor obeys the law V = k.I’". 
The value of n is now negative, being about —0.5. 
For a bridge consisting of three linear arms, nm, 7 
and rs, and one non-linear arm, 7m, as shown in Fig. 3, 
it has been shown” that the figure of merit is given 


by :— 
BE sochetle OM 
(np + 1)(p + 1) 
where p = 12/1". 


If np is made equal to —1 the figure of merit 
becomes infinite. This is impossible with devices 
having a positive index n, but with a thermistor this 
condition is satisfied by making p approximately 2. 
This then gives a bridge with an infinite theoretical 
figure of merit. 
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This result can be shown in another way from 
Fig. 12 where the characteristic of the thermistor, ™, 
and resistor, rs, are plotted. The bridge characteristic 
(or, more correctly, that of arms rs and rs) is obtained 
by adding together the characteristics of r; and rs 
giving the combined characteristic shown. Suppose 
that the bridge is made to balance at point X (by 
varying the ratio of m to m) corresponding to the 
horizontal portion of the overall characteristic. Over 
a small portion around X the characteristic is hori- 
zontal and the bridge current, and therefore the 
bridge output, can change without a change of input 
voltage. This gives the remarkable result that the 
bridge output can change without a change in input, 
i.e., the figure of merit is infinite. In practice the 
figure of merit is not infinite since the curve is only 
exactly horizontal at one point, whereas a small 
portion of the curve must actually be used. In prac- 
tice a large figure of merit can be obtained and, 
although difficult to measure, figures around 50 may 
be obtained. 

It will probably be realized that the bridge itself 
is unstable at a point such as X, but when connected 
in a suitable stabilizer circuit the whole can be made 
quite stable and may be operated at any point from, 
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Fig. 12. 
Thermistor characteristic, resistor characteristic and combination 
of the two 
say, Y to Z (Z being the limit due to excessive cur- 


rent). If the bridge is operated to the right of X an 
increase of output voltage, caused by an increase of 
input voltage, will cause the thermistor current to 
increase, so increasing the bridge output and tending 
to correct the output voltage. Since an increase in 
output voltage is required to increase the bridge 
current the regulation factor of the stabilizer will be 
positive and finite. Suppose that the bridge is 
operated to the left of point X. An increase in input 
voltage must cause the controller to give a larger 
output in order to correct for what would normally 
be a rise in output voltage. In order for this to occur, 
the thermistor current must increase and this can 
only be brought about by a decrease in bridge volt- 
age. This means that an increase in input voltage 
results in a decrease in stabilizer output voltage, This 
result is obtained by a normal type of indicator con- 
nected across the input to a stabilizer if the stabilizer 
amplification M is greater than 1, but would at first 
sight appear to be an impossibility when the indicator 
is placed across the output. This property does not 
appear to be of any practical value and the bridge is 
normally operated at point X. It is necessary in 
order to reach the operating point X to get over the 
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peak in the characteristic, and a method of doing 
this will be detailed later. 


Magnitude of Unwanted Voltages 


For a 40 volt bridge the value of each unwanted 
component is about 0.1 volt. For a 0.01 per cent 
change in input voltage the wanted output voltage 
would be (assuming a figure of merit of 50) about 
0.2 volt and the ratio of wanted to unwanted voltages 
would be 2. This is an improvement of over 200 
times compared with the best lamp bridge. This 
outstanding improvement in this ratio enables the 
bridge to be placed across the output terminals of the 
stabilizer with its corresponding advantages. The 
bridge is of little use for connecting across the input 
of a stabilizer as the input-output relationship is not 
linear and this high figure of merit is not required. 
The unwanted components may be removed by a 
similar method to that detailed for lamps, but the 
problem is now much simpler due to the larger ratio 
of wanted to unwanted voltages. 


Effect of ambient temperature and temperature compensation 


Unfortunately, since the thermistor characteristic 
is brought about by a change in temperature, and its 
operating temperature is not high, it suffers from 
changes due to changes in ambient temperature. The 
amount is large, being about —0.5 per cent per C°, 
but may be compensated for ina number of ways. 
The arrangement shown in Fig. 13 has been found 
most satisfactory. The bridge is supplied from trans- 
former TR: through a _ potential divider formed 
by rsand T:. T: is a large type of thermistor as shown 
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Fig. 13. 
Temperature compensated bridge 


in Fig. 14, consisting of a large block of semicon- 
ductor, so that its self heating due to the current is 
small. When the ambient temperature increases the 
resistance of T: decreases and so decreases the voltage 
fed to the bridge. This reduction is arranged to be 
just equal to the reduction in the bridge balance volt- 
age. Thus the bridge is always balanced with the 
same voltage fed to the primary of TR:. By this 
means a change of balance voltage of 5 per cent can 
be reduced to less than 0.1 per cent for a 10° C. rise in 
temperature. 


Response Time 


The incremental response time of a thermistor is 
about 0.3 seconds. This might appear long, but in a 
complete stabilizer the value is reduced to the order 
of 0.03 seconds due to the feedback effect when the 
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indicator is placed across the output of the stabilizer. 
Advantages :— 

1. Extremely high figure of merit. 

2. Small magnitude of unwanted voltages. 


. Much larger ratio of wanted to unwanted voltages 
than any other type of bridge. 


i) 


4. Electrically and physically small. 

5. Not affected by vibration. 

6. Due to small size may easily be protected from 
draughts and rapid changes of temperature. 

7. Available in a number of resistance values. 


— 





Fig. 14. 


Type of Thermistor suitable for use as T2 in the circuit of Fig. 13 
Courtesy Standard Telephones & Cables, Ltd. 


Disadvantages :— 


1. Change of balance voltage with change of ambient 
temperature, but this may be compensated for 
to a large extent. 

2. Larger incremental response time, but this is not 
so important when the indicator is placed across 
the output of the stabilizer, as it is consider- 
ably reduced. 


From the above it is seen that a thermistor is 
admirably suited for use in an indicator for a precision 
stabilizer. 


(To be continued) 
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Microwave Lenses 


By J. BROWN, M.A.*, and S. S. D. JONES, M.A.* 


Part VI 


Conclusions 
Production of Shaped Beams 


hy many aerial systems, particularly for radar sets, 
both for use on the ground and airborne, it is 
desirable to produce a vertical radiation pattern to 
cover a given volume of sky or area of ground 
respectively. The usual requirement is that the 
magnitude of the received power should be the same 
for all angles of sight for a given height difference 
between the target and the radar. It follows from 
the well-known fourth-power radar range equation” 
that the desired vertical pattern is of the form 
PAS) = COSEG Bb ics fesekn seni iavedetees (68) 
where P(S) is the power flux per unit area for 
constant distance from the radar and for the 
angle of sight S, and K is a constant depending 
on the selected constant range and the trans- 
mitted power. 
Equation (68) implies that the power radiation for 
zero angle of sight is infinite: this is clearly impos- 
sible in practice. It is possible, however, to produce 
an aerial system which will have a radiation pattern 
approximating to the required form over a range of 
angles such as 10° to 80°. Aerial systems of this 
type have so far usually made use of shaped mirrors 
or slotted waveguides, but there is every reason to 
suppose that lenses may be designed to satisfy the 
requirements equally well. 

The essential preliminary to the design of an aerial 
system which will produce a cosecant squared pattern 
is the study of the phase and amplitude distribution 
associated with the pattern. There are two methods 
of approach due to Chu” and Woodward” respec- 
tively. Chu’s method, though by no means rigorous, 
is probably the more realistic approach to the design 
of a lens to produce a shaped beam. The basis of 
Chu’s method is to divide the radiating aperture into 
a large number of elementary horizontal strips and 
to regard the final radiation pattern as the vector 
sum of the contributions from each strip. The direc- 
tion of maximum radiation from each strip will be 

Fig 46. 
Chu’s method for obtaining a cosecant squared patterns 
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normal to the phase front existing at the strip. (See 
Fig, 46.) An approach on these lines will enable the 
designer, given a known amplitude distribution 
across the aperture, to derive a suitable phase front 
to produce the desired beam. A knowledge of this 
phase front enables a suitable lens to be designed. 
The general form of lens profiles to produce cosecant 
squared patterns is shown in Fig. 47. 

Lenses designed to produce cosecant squared beams 
have not, in general, proved very satisfactory; the 
reason for the difficulties experienced becomes 
apparent when the basic assumptions underlying the 
method of design are considered. It is first assumed 
that the gain of each elementary strip is propor- 
tional to the power flux through it and to its width; 
the resulting radiation pattern is derived on a basis 
of ray optics, the direction of each ray being normal 
to the phase front in the vicinity of the strip pro- 
ducing the ray: the magnitude of the ray depends 
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Fig. 47. 
Lens profiles for cosecant squared patterns 


on the power flux through the strip as shown in 
Fig. 46. 

The above theory is based entirely on the behaviour 
of each individual ray: in other words, the lens con- 
tour has been designed using only the principles of 
geometrical optics. A more rigorous approach based 
on physical optics shows that the size of the aperture 
exerts a considerable influence on the nature of the 
radiated pattern. In fact, Woodward has shown that 
if the aperture is ten wavelengths long, then it is 
only possible to make the radiation pattern have the 
desired values at ten points. In between these points 
the pattern will depart from the desired cosecant 
squared shape as shown in Fig. 48. Periodic varia- 
tions of this nature occur no matter by what class 
of beam-forming element, mirror, lens, or slotted 
waveguide, the cosecant squared pattern is produced. 
When a lens is used, however, it is found that the 
departures from the ideal pattern at large angles of 

- sight are worse than when a mirror is used. It has 
already been explained in Part IV that the reflexions 
occurring at the surfaces of a lens produce an un- 
desired periodic variation in the amplitude distribu- 
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tion existing across the outer surface of the lens. 
The effect of this variation is to produce additional 
side-lobes at wide-angles. When the lens is designed 
to produce a cosecant squared pattern, the level of 
these side-lobes will be comparable with the level 
of the desired pattern at large angles of sight. Inter- 
ference effects will therefore cause a deterioration in 
the performance at these angles. The magnitude of 
these side-lobes increases as the refractive index 
departs further from unity. It follows that either 
the refractive index of the lens must not differ too 
much from unity, in which case the lens will be 
undesirably bulky, or steps must be taken to match 
the Iens surfaces. The way in which the radiation 
pattern of a lens departs from the ideal cosecant 
squared pattern is illustrated in Fig. 49. A further 
and unpredictable deterioration may be caused by 
ground reflexions. 

Unfortunately, the practical difficulties of match- 
ing lenses have not yet been satisfactorily overcome. 
The design of a cosecant squared lens must therefore 
be regarded as a rather unsatisfactory empirical 
process. However, the manufacture of mirrors to 
produce shaped beams is a difficult matter, as the 
surfaces are not surfaces of revolution and therefore 
cannot be spun; an alternative solution using lens 
techniques is still desirable. 

A satisfactory method of obtaining a cosecant 
squared pattern, due to R. Shersbie-Harvie, has been 
described by Lawson.” This system uses a small 
prism to deflect part of the energy radiated by a 
paraboloid as shown in Fig. 50, and gives very satis- 
factory results. It has the useful property that the 
radiated pattern may be adjusted by movements of 
the prism. In the original model the prism was 
made of perspex, but the high cost and weight of 
perspex might now be avoided by constructing the 
prism from metallic delay material or a metal-plate 
structure. 

The oscillations in the radiation pattern may be 
reduced in magnitude by increasing the size of the 
aperture. A further advantage, which is obtained 
from an increase in the aperture size, is an improve- 
ment in the rate of fall-off of the beam below the 
designed cut-off angle. This causes a reduction in’ 
the energy which would otherwise be radiated in 
unwanted directions. In the case of ground 
radar systems, improvement in the rate of cut-off 
below the designed lower limit will also reduce 
difficulties due to clutter. However, increasing the 
vertical aperture beyond about twenty wavelengths 
will not, even though improving the shape of the 
pattern, produce any great improvement in the range 
of the radar system. That this is the case may be 
deduced from a study of the properties of the cosecant 
squared pattern. 


A Comparison of Lenses and Mirrors 


In this series of articles an attempt has been made 
to produce a comprehensive survey of the various 
types of microwave lens at present in use. It has 
been shown that lenses perform similar functions to 
mirrors, and it is therefore desirable at this stage 
to compare the advantages and disadvantages of 
lenses and mirrors. Kock, who has been responsible 
for many of the advances in the development of 
lenses, states that they are superior to mirrors in 
three ways: firstly, the tolerances on the dimensions 
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of lenses are not so tight as they are for mirrors, 
secondly, lenses have superior scanning properties; 
and, thirdly, the side-lobes in the radiation patterns 
are smaller for lenses than for mirrors. In this 
section these three items will be dealt with in turn, 
and then the ways in which lenses are inferior to 
mirrors will be considered. 

It was shown in Part II that the tolerance on the 
thickness of a metallic delay lens is \/16(n—1), and 
the same value applies to all the other types of lens. 
For the values of refractive index commonly in use, 
this tolerance is approximately \/8 and may be 
readily met. There is, of course, nothing correspond- 
ing to lens thickness in the case of a mirror. On the 
other hand, the tolerance on a mirror contour is much 
tighter than on a lens contour, as may be seen by 
an examination of Fig. 51. If the mirror contour is 
in error by an amount 45, then the resulting phase 
error in the aperture distribution is 4752/) radians, 
The same error in the lens contour causes a phase 
error of less than 75a/ radians, if the angle @ is 
less than 30°. It may also be shown that a given 
magnitude of phase error will have a greater effect 
on the radiation pattern of a mirror than a lens: 
this is because the worst phase errors occur on 
the axis of a mirror but at the edges of a lens. An 
improvement of at least a factor of eight in the 
tolerance on the contour may therefore be claimed 
for a lens. It follows that the supporting framework 
may be more easily constructed for a lens than for 
a mirror of the same aperture size. At a wavelength 
of 3 cm., the tolerances on the contours are approxi- 


mately 1/32 in. for a mirror, and } in. for a lens. 


—*, 
20-00 10 20 30 40 SO 60 70 8090 
S (DEGREES) 
Fig. 48. 


Cosecant squared pattern radiated by an aperture ten wavelengths 
long 








This means that it is essential to use a lens when a 
very narrow beam is desired. For example, a lens 
of aperture size 480 wavelengths, giving a beam width 
of six minutes, has been constructed in the U.S.A. 
The contour of the equivalent mirror would have to 
be figured to an accuracy of 1 part in 15,000 of its 
largest dimension: even the differential heating 
caused by solar radiation would cause errors in excess 
of this. 

The superior scanning properties of lenses are due 
partly to the fact that the primary feed does not 
get in the way of the radiated beam, and partly to 
the increased freedom of design resulting from the 
lens having two surfaces. The improvements result- 
ing from the second factor were considered in 
Part IV and will not be discussed further. It 
was stated in Part IV that the scanning pro- 
perties of a lens improve as the focal number or 
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numerical aperture (F) is increased. This fact is, 
of course, well known to students of optics, since 
the scanning property of a microwave lens is exactly 
the same thing as the field of view of an optical lens. 
In order to illuminate satisfactorily the aperture of 
a system having a large focal number, say F = 2, 
the primary feed must have a radiation pattern 
whose half-power beam width is some 30°. The 
radiator, which forms this feed, must therefore have 
linear dimensions of at least twice the free-space 
wavelength. If such a radiator were placed in front 
of a mirror it would intercept an appreciable fraction 
of the reflected beam. Most of the paraboloids in 
common use have focal numbers of approximately 
0.25, and hence require primary feeds whose dimen- 
sions need only be a fraction of the wavelength. The 
scanning angle of such paraboloids is, however, 
limited to about 3°. When it is desired to provide 
a moving beam by moving the feed, the mirror com- 
pares even less favourably with the lens, because the 
scanning mechanism is also in the way of the reflected 
beam. It is possible to provide some improvement 
by offsetting the feed system as shown in Fig. 52, 
but this has an adverse effect on the gain. 

The reduction of the size of the side-lobes radiated 
by a lens occurs for the same reasons as the improve- 
ment in the scanning properties. Silver has shown 
theoretically that one of the effects of the beam 
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Fig. 49. 
Departure of radiation pattern from cosecant squared ideal 


obscuration, caused by the feed of a mirror system, 
is an increase in the side-lobes. When a lens is used 
it is not difficult to keep the level of the first and 
largest side-lobe at least 25 db. below that of the 
main beam. The corresponding level for a parabolic 
cylinder (a ‘‘ cheese ’’), which is the best of the mirror 
systems in this respect, is between 18 and 22 db. 
On the other hand, for the reasons given in Part IV, 
the level of the farther-out side-lobes from a lens is 
higher than expected, but is still not sufficiently high 
to cause serious trouble. The side-lobes of a mirror 
system are increased when steps are taken to remove 
the mismatch of the primary feed caused by a wave 
being reflected back into the feed: if a zone plate 
is inserted in a cheese, for example, the first side- 
lobe rises to a value only 12 db. below that of the 
main beam. The methods of overcoming this mis- 
match of the primary feed in the case of a lens, e.g., 
stepping one-half of the lens a quarter wavelength 
with respect to the other, or moving the primary feed 
off axis (cf. Part IV) have practically no effect upon 
the side-lobe level. It is possible to design a mirror 
system with a side-lobe level comparable to that of 
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a lens, but the construction becomes very complicated 
and one of the greatest advantages of a mirror, i.e., 
simplicity, is lost. 

A property of aerial systems, related to their side- 
lobe levels, is the back-to-front ratio, which is effec- 
tively a measure of the lobe radiated in the opposite 
direction to the main beam. This ratio is of great 
importance in the design of repeater links, in which 
each station has two aerials placed back-to-back and 
connected together by an amplifier as in Fig. 53. The 
fraction of the radiated power from the transmitter 
aerial, which is fed into the receiver aerial, is the 
product of the back-to-front ratios for the two aerials. 
The power gain of the amplifier is limited to a value 
less than this coupling factor between the aerials, 
since otherwise the system will become unstable. As 
a numerical example, suppose both aerials are para- 
boloids—a typical value of the back-to-front ratio 
is 100, or 20 db. The coupling factor is therefore 
40 db. and so the gain of the amplifier must be less 
than this. The aerial system with the best back-to- 
front ratio is the electro-magnetic horn, for which 
the value is about 50 db. Unfortunately, horns have 
to be very long in relation to their aperture size in 
order to obtain the necessary constancy of phase 
across the aperture, e.g., a horn of 2 ft. aperture, 
for use at a wavelength in the 10 cm. band, has to 
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be 12 ft. long.” The length may be reduced, how- 
ever, by introducing a correcting lens in the aperture, 
and this does not appreciably affect the back-to-front 
ratio. Lens-corrected horns have been used in the 
U.S.A. as the aerial systems in repeater links, and 
their performance has been up to expectations. 

The principal disadvantage of a lens system is the 
reduction of gain caused by the reflexion and spill- 
over losses described in Part IV. Most lenses so far 
constructed have had gains of between 2 and 3 db. 
lower than for mirrors of equivalent size. It is hoped 
to recover part of this loss by the development of 
suitable matching techniques. Lens-corrected horns 
are free from reflexion and spill-over losses, and are 
among the most efficient aerial systems available. 

It is not an easy matter to decide whether to use 
a lens or a mirror as the solution to any given design 
problem. In general, it may be said that lenses are 
to be preferred when either side-lobe suppression or 
wide-angle scanning is the most important require- 
ment. Mirrors are simpler and more compact and 
should be used when the gain of the aerial is the 
primary consideration. 
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A Comparison of the Various Types of Lens 


A variety of types of lens is now available, the four 
main categories being metal-plate or waveguide 
lenses, metallic delay lenses, rod lenses and path- 
length lenses. The solid dielectric lens is of limited 
practical use because of its weight and cost and the 
difficulty of obtaining large masses of dielectric of 
the necessary homogeneity. The special systems des- 
cribed in the last article are all designed to meet 
specific requirements and will not be considered in 
this comparison. 

The metal-plate lens is the earliest and best known 
type, and as a result there is now available a fairly 
large amount of practical experience relating to its 
design. A disadvantage of this type is the narrow- 
ness of the band of wavelengths for which a given 
lens may be used: this disadvantage should not be 
overrated, however, as, in any practical aerial system, 
there is almost certain to be some element, such as 
a matching unit between the oscillator and the wave- 
guide feeder, which will limit the bandwidth at least 
as much as does the lens. Constructional tolerances 
may be met, at any rate for wavelengths of 1 cm. 
and greater. At the smaller wavelengths the number 
of spacers required to maintain the necessary 
accuracy of plate spacing may become suffi- 
ciently large to have an effect on the radiation 
pattern of the lens. Such spacers may also increase 








(a) MIRROR (&) LENS 
Fig. 51. 
Effect of contour errors 


the reflexion losses from the lens surfaces, and their 
positioning is therefore a matter for careful study. 
This aspect of metal-plate lens design is one about 
which not much is yet known. The egg-box form 
of construction avoids the deterioration of the radia- 
tion pattern arising from the spacers, in effect, by 
increasing their number to such an extent that the 
side-lobes produced are not radiated into real space: 
in other words, the scattered energy is in the form 
of a storage field rather than real side-lobes. On 
the other hand, the egg-box construction results in 
larger reflexions from the surfaces. Egg-box lenses 
are rather difficult to construct and because of this 
have not yet been used to any great extent. It is, 
of course, essential to use an egg-box lens if it is 
desired to have a metal-plate lens which will operate 
for any plane of polarization. 

Metallic delay lenses are undoubtedly the best of 
the four types considered here from the electrical 
point of view. They have wide-band properties, they 
are very light and they may be easily constructed 
for the wavelengths at present in use. The strip type 
in particular behaves almost exactly as predicted by 
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theory, so that the design of any particular lens may 
be carried out on paper. This form only operates 
for one plane of polarization; further theoretical work 
is required to obtain an equally good design procedure 
for lenses which will work for any plane of polariza- 
tion. It seems that 3 cm. is about the smallest wave- 
length for which it will be possible to construct delay 
lenses: for smaller satdenailin it is difficult to 
obtain expanded dielectrics sufficiently thin to act as 
the spacers. Unfortunately, the use of delay lenses 
in this country is at present limited to aerial systems, 
in which the gain is of secondary importance. This 
is because the only expanded dielectrics which are 
commercially available are too lossy. 

Rodded lenses represent an attempt to combine 
the good electrical performance of the delay lens with 
the superior mechanical properties of the metal-plate 
lens. Rodded lenses are similar to metal-plate lenses 
as far as band-width and polarization are concerned : 
they are considerably lighter, however, and it is 
easier to match the surfaces. As yet, there is no 
experimental evidence to confirm the theoretical 
improvement in performance over the metal-plate lens. 

Path length lenses are also too recent for an 
accurate assessment of their advantages and disad- 
vantages to have been made. The apparent advan- 
tages are the very wide band over which they may 
be operated, and the very easy tolerances on both 
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Fig. 52. 
Mirror with off-set feed 





the plate spacing and the profile. A major drawback 
of the inclined plate form is that it produces an 
asymmetrical amplitude distribution in the direction 
of the electric vector: this will, of course, cause a 
corresponding lack of symmetry in the radiation 
pattern. The serpentine lens has not yet been studied 
in detail—it appears likely, however, that the plates 
will have to be spaced so closely together as to make 
the lens excessively heavy. 

The above summary of the advantages and dis- 
advantages of the various types of lens leads to tenta- 
tive suggestions as to the choice of type which will 
most satisfactorily meet any given requirement. 
Almost the only case in which a solid dielectric lens 
is to be preferred is for the correction of the phase 
front across the aperture of an E-plane sectoral horn. 

The metal plate lens is very suitable for general 
service requirements such as beaconry, military 
radar, etc., in which robustness and ease of replace- 
ment of damaged elements is of importance. If the 
rodded lens fulfils the theoretical expectation of 
better performance it is likely to replace the metal- 
plate lens in such applications. 
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The great simplicity and ease of construction of 
the inclined plate path-length lens, together with its 
broad-band properties, make it an.ideal lens for use 
in microwave repeater links and communication 
systems. The poor side-lobe suppression in the 
electric plane may be of little importance if vertical 
polarization is used, since interference is usually 
picked up only by the horizontal side-lobes. The 
serpentine path-length lens is not considered to be 
developed sufficiently for immediate use. 

As has already been stated, delay lenses may at 
present only be used in aerial systems whose gain 
is not the most important property. Such is often 
the case for aerial systems required for laboratory 
use, and these aerials may be constructed very simp] ' 
from Dufaylite and metal-sprayed paper. The only 
tools required in this construction are a pair of 
scissors and a tin of bakelite varnish. The broad 
band-width of such lenses is extremely useful in 
laboratory applications: for example, the equipment 
used by the authors for measuring radiation patterns 
employs the same delay lens as the aerial system 
for investigations at any wavelength between 3 and 
12 cm. 


Possible Improvements in Lens Systems 


There is considerable scope for improvements in 
the existing types of lens and it is very probable that 
further new types will be developed. In general, 
most of the work so far done has been a reproduction 
of optical techniques in the microwave field. The 
recent developments, described in the last article, 
represent, however, a breakaway from conventional 
optical methods and it is likely that future develop- 
ments will show even less resemblance to the lenses 
of optics. 

The most pressing requirement, as far as the exist- 
ing types of lens are concerned, is to achieve some 
simple method of reducing reflexion losses. Most of 
the methods of doing this, which were discussed in 
Part IV, so complicate the design and construction 
as to make their use impracticable in most cases. 
Until refiexion losses have been reduced the gain of 
lens systems will almost certainly be inferior to that 
of mirrors of the same aperture size. Once a simple 
method of overcoming these losses has been obtained 
it will become possible to use refractive indices which 
are higher in the case of delay materials and lower 
for metal plate and rodded dielectrics. This will lead 
to a decrease in the thickness of lenses, with a cor- 
responding reduction in weight. 

One of the greatest advantages of lenses over 
mirrors has been stated to be the much lower side- 
lobe levels which may be achieved. This improve- 
ment in side-lobe level has been obtained without any 
particular attention being paid to the problem. The 
fact that lenses have two surfaces leads to a greater 
freedom of design than in the case of mirrors. Use 
of this additional freedom may be made in control- 
ling the amplitude distribution across the outer face 
of the lens. It should therefore be possible to obtain 
distributions which will result in even smaller side- 
lobes. A complementary problem is the design of 
the primary feed: as yet, only feeds such as open- 
ended wave guides, horns and dipoles, which are in 
common use elsewhere, have been used. A more 
careful choice of the feed may lead to further 
improvements in the amplitude distribution. 
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An indication of the present trends in microwave 
lens design has already been given in Part V. Several 
of the systems described there make use of media 
in which the refractive index is not homogeneous, 
a possibility not available in the optical field. These 
systems have all used some form of spaced conduct- 
ing sheets and, as yet, focusing in only one plane 
has been achieved. The introduction of rodded 
dielectrics offers the possibility of another non- 
homogeneous medium, obtainable by varying. the 
constants of the lattice structure, the rod diameters, 
or even both. The last of these suggests the feasi- 
bility of constructing non-homogeneous lenses, which 
will have two-dimensional radiating apertures. An 
alternative method of obtaining a two-dimensional 
aperture is to combine two cylindrical systems which 
focus independently in the two planes. As yet only 
a few of the ways in which non-homogeneous media 
may be used, have been investigated: for example, 
the variation of refractive index, used in the con- 
struction of the half fish-eye, is only one of many 
others which will produce a linear x Sy te from 
a point source. It is probable that some of these 
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Fig. 53. 
A repeater station 





may be even more advantageous from the point of 
view of the properties of the radiation pattern. 

Lenses have only been used for wavelengths in the 
centimetre and millimetre bands. It is certain that 
the development of even shorter wavelengths will lead 
to a much more widespread use of lenses. It is also 
possible that lenses, particularly of the rodded type, 
may find applications at metre wavelengths. A 
rodded lens for use at such wavelengths would con- 
sist of curtains of wires. The structure would not 
be dissimilar to the linear arrays at present in wide- 
spread use, except, of course, that the number of 
elements would be greatly increased. On the other 
hand, there would no longer be the necessity for 
careful phasing of each individual element as in linear 
arrays. 

The non-homogeneous types such as the half fish- 
eye could also be extended to the metre band if 
horizontal polarization were required. The conduct- 
ing sheets could be replaced by suitably supported 
areas of wire netting: the spacing between the wires 
need not be less than about a tenth of the wavelength. 
Such a system designed to have a gain of 16 db. at 
a wavelength of 20 metres would occupy a ground 
space of about 100 yards by 50 yards and, like the 
rod lens, would be free from phasing difficulties. 

Although the subject of microwave lenses has only 
been studied extensively over the last few years, 
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considerable progress has already been made. There 

are still many problems to be solved, and it is pro- 

bable that a rapid rate of progress will be maintained 
during the next decade. 
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Three-Gun Tri-Colour Cathode-ray Tube 


The manner in which the colour screen pro- 
duces a colour picture is best understood by 
considering first the operation of the three-gun tri- 
colour cathode-ray tube. An apertured mask is inter- 
posed between the three guns and the dot-phosphor 
screen in such a manner that the electrons from any 
one gun can strike only a single colour phosphor no 
matter which part of the raster is being scanned. 
The mask comprises a sheet of metal spaced from the 
phosphor screen and containing 117,000 holes, or one 
hole for each of the tri-colour dot groups. This hole 
is so registered with its associated dot group that the 
difference in the angle of approach of the three on- 
coming beams determines which colour is excited. 
Thus, three colour signals applied to the three guns 
produce independent pictures in the three primary 
colours, the pictures appearing to the eye to be super- 
imposed because of the close spacing of the very small 
phosphor dots. 


Dot-Sequential 


Single-Gun Tri-Colour Cathode-ray Tube 


The operation of the single-gun tri-colour cathode- 
ray tube is analogous to the operation of the three- 
gun tri-colour cathode-ray tube in that the beam from 
the single gun is magnetically rotated so that, in 
effect, it occupies, in time sequence, the three posi- 
— of the three guns in the three-gun cathode-ray 
tube. 
ponding to the green gun of the three-gun cathode- 
ray tube it excites only the green phosphor dots and 
is at this particular time modulated only by the green 
component of the video signal. A short time later 
the beam has been rotated to a position correspond- 
ing to the red gun of the three-gun cathode-ray tube 
and is modulated by the red component of the video 
signal to excite red phosphor dots. A third position 
similarly produces the blue picture. Sampling is 
automatically provided by rotating the beam syn- 
chronously at sampling frequency. 


Receiver for the Three-Gun Tri-Colour Cathode-ray Tube 


Video signal from a conventional black-and-white 
television receiver is applied simultaneously to the 
three internally-connected control grids of the three- 
gun cathode-ray tube. Another signal, derived from 
the video amplifier, is used to actuate an automatic 
colour phasing and sampling synchronization circuit 
which produces a local 3.58-megacycle sampling wave. 
The latter is applied through an amplifier tube and 
appropriate delay lines to three gating tubes which 
supply three sampling pulses, differing in phase by 
120 degrees at 3.58 megacycles, to the three cathodes 
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Colour 


Thus, when the beam is in a position corres- , 
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Television System 

of the cathode-ray tube. Thus, each gun is turned on 
in time sequence corresponding to the original samp- 
ling process at the transmitter and the beam current 
from each gun excites only one of the three phosphor 
colours. 

A radio-frequency type anode voltage supply pro- 
vides a potential of 18 kilovolts for the cathode-ray 
tube final anode, 9 kilovolts for the electrostatic con- 
verging electrode and approximately 3.5 kilovolts for 
the parallel-connected first anodes which produce 
initial electron-beam focus. A small auxiliary power 
unit provides heater and H.T. power for the other 
added circuits. 


Receiver for the Single-Gun Tri-colour Cathode-ray Tube 


Video signal from the output of the video amplifier 
of a conventional black-and-white television receiver 
is applied to the control grid of the single-gun 
cathode-ray tube in the conventional manner. Here 
again, as in the previous receiver, another signal 
from the video amplifier actuates an automatic colour 
phasing and _ sampling synchronization circuit 
which produces a local 3.58 Mc/s. signal which is 
locked in step with the transmitter sampler. Circu- 
lar deflexion of the beam, which produces sampling 
automatically, is provided by a small deflexion yoke 
having two sets of coils which are fed with quadra- 
ture currents at sampling frequency to produce a 
rotating field. Service adjustment of colour phasing 
is provided by mechanical positioning of this yoke. 
The amplitude of the circular deflexion is adjusted to 
produce the proper convergence angle as required by 
the mask and phosphor-dot screen. The duration of 
the sampling period is controlled by a signal having 
a frequency three times the sampling frequency, 
which is injected into the c.R.T. cathode circuit. The 
amplitude and phase of this 10.74 Mc/s. signal are 
determined by the alignment of a filter circuit which 
utilizes the third harmonic of the circular-déflexion 
driver tube. 

Potentials of 18 kilovolts for the final anode and 
2.7 kilovolts for the electrostatic focus electrode are 
derived from the kick-back voltage on the horizontal- 
deflexion output transfomer just as in conventional 
black-and-white receivers. A small auxiliary power 
unit provides heater and +B power for the other 
added circuits. 

Convergence of the circularly deflected beam is pro- 
duced by a magnetic lens in this single-gun cathode- 
ray tube instead of the electrostatic method employed 
in the three-gun version. 


—Condensed from R.C.A. Review, June, 1950. 
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The Circuit Analogue of Muscle 


By D. R. WILKIE, M.R.C.P. 
(Department of Physiology, University College, London) 


HE analogue circuit described in this paper was 

devised originally to facilitate some calculations 
in muscle physiology. However, the ideas it embodies 
may also be of interest to servo-engineers and others 
who must include human operators in their circuits; 
for where the operator must respond by performing 
mechanical work, the properties of his muscles may 
be the limiting factor in deciding the performance of 
the whole system. 


The Physiology of Muscle 


When a muscle becomes active it tends to shorten 
and to develop tension. The rate of shortening V 
depends on the tension exerted P, as shown in Fig. 1. 
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Fig. 1. 


The relationship between force and velocity in muscle. 
These results were obtained on human muscle. 


Abscissa: Velocity of movement of hand, metres/sec. 
Ordinate : Force exerted, dynes x 10°. 


Points : Observed results. Each is the mean of 30 observations (six times), 
whose standard error is drawn as avertical bar through the point. This is 
often too short to be visible. 


Circles: Results after correction for inertia of the arm and apparatus. 
Curves : Drawn from (P+a) (v-+b)=(Py)+a) b with a/P, =0.20. 


The reduction in force associated with increased 
speed of movement is part of our everyday muscular 
experience; however, muscular contraction can be 
most conveniently studied in isolated muscles, parti- 
cularly those of small cold-blooded animals such as 
the frog. Experiments of this type (Hill 1938, Katz 
1939) have shown that the force-velocity curve can 
be fitted by a hyperbolic equation: (P+a)(V+b)= 
(P.+a)b, where Po = tension at zero speed, a and b 
are constants. The shape of the curve depends on 
a/ Po only. 

When movements are made voluntarily, the state 
of affairs is more complex, since in general several 
muscles act at once through a lever system, and they 
are not excited to a constant degree throughout the 
movement. However, if a simple joint is chosen for 
study, and if movements are made with the greatest 
possible effort, these difficulties can to some extent 
be overcome. Studies on maximal flexion of the 
human elbow (Wilkie 1950) have shown that muscles 
follow the same hyperbolic relationship within the 
body as outside it. 

The P:V relationship appears to be obeyed at 
every instant during activity. This makes it possible 


to predict how the velocity will rise if the muscle 
is opposed by any specified mechanical system of 
masses, forces and compliances. Many of the 
differential equations which arise are non-integrable : 
the equivalent circuit here described was devised to 
avoid the labour of numerical integration. 

The special case considered here is that of a muscle 
in the arm pulling against a constant external force 
F applied at the hand. The mechanical system may 
be represented by Fig. 2. M is the inertia of the 
forearm and of any external apparatus; G, the series 
compliance, is located at least partly in the tendons. 
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Diagram of a muscle pulling against an external load 


The equation of motion of M is 

v+GM.d°v/ dt’ = (Po + a)b/ (F+M.dv/dt+a)—b 
which is non-integrable. G, M, F, Po, a and b were 
known experimentally from other investigations 
while experimental velocity-time curves of pulls 
against different forces were available for comparison 
with the calculated curves. 


Analogue Circuit. Theory. 


If voltage be taken to represent force, and current 
to represent velocity, inductance corresponds to 
inertia and capacitance to compliance. 

The curved force/ velocity characteristic of muscle 
can then be imitated by the curved voltage / current 
characteristic of a non-ohmic resistance, e.g., by a 
metal rectifier biased to a suitable part of its curve. 
In Fig. 3, if curves A and B are the same shape, the 
relationship between voltage E and current I is the 
same as that between force P and velocity V, in both 
magnitude and sign, for E and P are positive in the 
opposite direction from I and V. 

The analogue circuit of the whole system is shown 
in Fig. 4. When the key is closed, very little current 


Fig. 3. 
Diagram illustrating analogy between muscle and rectifier 
Curve A: Voltage-current curve of rectifier. 


Curve B: Force-velocity characteristic of muscle. 
For significance of symbols see text. 
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The analogue circuit representing Fig. 2. 


flows through the inductance, but as soon as it is 
opened the current in the coil rises in exactly the 
same way as did the velocity of the load in the 
corresponding mechanical case, for E=D+L.dI/dt 
(D represents the constant applied force F) and I = 
i+ C.dE/dt. Since the rectifier has been chosen so 
that it obeys the characteristic equation of muscle, 
I=(E.+a)b/(E+a)—b. Combining these equations 
to eliminate E and I 
i+ LCdi/dt’=(E.+a)b/(D+L.di/dt+a)—b 

which is exactly analogous to the mechanical 
equation above. In order to solve the equation for 
known values of D, L, and C it is only necessary to 
determine practically how the current in such a cir- 
cuit does rise. 

The series compliance has been treated so far as 
though it were constant: actually it can be shown 
that the compliance decreases with increasing ten- 
sion, just as a knitted stocking becomes more difficult 
to stretch the more it is extended. The variation 
in compliance is only important at low tensions and 
no attempt has been made to imitate it in the 


Fig. 5. 
Rectifier curve compared with characteristic equation of muscle 
Ordinate: Current in mA. 
Abscissa : Voltage applied. 
Curve : Rectifier characteristic. 
Crosses : Characteristic equation fitted with a/P,=0.33. 
Circles : Characteristic equation fitted with a/P,=0.20. 
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equivalent circuit. A non-linear compliance could 
be devised. The capacitance of a capacitor micro- 
phone increases with increasing charge, and feed- 
back arrangements could be used to raise its capaci- 
tance to a suitable level. However, a better solution 
would be to alter the system of analogies, making 
current equivalent to force, voltage to velocity. The 
analogue of compliance is then inductance, which 
can more easily be made a function of current. 
Design 

The non-ohmic resistance is the element which 
dominates the practical design of the analogue cir- 
cuit. It must have a characteristic of suitable shape 
and its absolute resistance must be chosen with care, 
since this governs not only the scaling of mechanical 
into electrical units, but also the effect on the circuit 
of stray resistances and capacitances not allowed for 
in the equations. 

The voltage-current curve of the rectifier finally 
chosen is shown in Fig. 5. The scaling thus defined 
was :— 

10° dynes=78.7 mV 1 metre/sec.=3.08 mA 
lkg.=2.55mH 10-*cm./dyne=0.39 oF 
1 sec. = 1 m.sec. 
Stray resistance in the circuit never amounted to 
more than 2 per cent of the rectifier resistance. No 
change in the rectifier curve was detected after 
several months’ use. 


Display Arrangements 


In order to adjust D, the steady current through 
the inductance was measured by a galvanometer 
shunted by 0.05 ohm to function as a low-resistance 
milliammeter. Changes of current were displayed on 
an oscilloscope by amplifying the volt drop across 
the same shunt with a capacitance-coupled amplifier 
of time constant about 0.5 sec. When making photo- 
graphic records the single-stroke time-base was trig- 
gered by a Keith Lucas pendulum, which started the 
analogue circuit running about 0.5 m.sec. later: for 
visual display the analogue circuit could be actuated 
repetitively by a relay energized from the 50 c/s. 
mains. The high writing speed then required was 
obtained by expansion of the X sweep. 


Frequency Response and Linearity of Amplifier 


When C is removed and L replaced by a resistor, 
a square wave can be applied to the amplifier input. 


Fig. 6. 
Electrical solution (circles) compared with arithmetical solution 
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The wave recorded rose to 90 per cent of its full 
height within 40 usec. The ratio (current change) / 
(height of photographic record) was constant to 
within 2 per cent. 
Accuracy 

As a check on the accuracy of the calculating cir- 
cuit an arithmetical solution of the equation was 
computed in a single case and compared with its 
electrical counterpart. .The close similarity of the 
two curves may be judged from Fig. 6. The simpli- 


Fig. 7. 


Velocity-time curves obtained electrically (a) 
compared with those found experimentally in 
muscle (b). 
N.B.—The calculated curves have not been fitted to the 
experimental ones. All the constants required for 
solution were determined independently. 
Ordinate : Velocity of hand in metres/sec. 
9-63 Abscissa: Time in msec. 
The number appended to each curve indicates the 
W157 tension F in dynes x 10* against which the movement 


The curves have been displaced from their common 
origin. The bar which ends each experimental curve 13-42 
marks the anatomical limit of the movement. In the 
faster movements there is not enough time for the 
maximum velocity to be reached. 
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fied technique of calculation now made it possible to 
check the original premises on which the equation 
was based. In Fig. 7 curves obtained experimentally 
on a human subject are compared with those calcu- 
lated from the equation, the constants required fon 
solution having been obtained from independent 
investigations. 
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New Marconi Marine Radar 


EW marine radar equipment, the ‘‘ Radiolocator 

IV ’’, introduced by The Marconi International 
Marine Communication Co., Ltd., is capable of detect- 
ing and locating suitable targets, such as high land 
masses, at distances as great as 40 miles, a range so 
far achieved by no other commercial marine radar 
installation. 

A single switch starts and stops the set, and it is 
in full operation within one minute of switching on. 
A gyro-compass repeater may be used for “‘ North- 
up ”’ presentation of the Sales, and remote-display 
units, up to two in number, may be fitted without any 
alteration to the existing wiring. These remote dis- 
plays are completely self-contained, and are provided 
with their own range rings, bearing indicator, etc., for 
independent observation of targets. The main dis- 
play unit takes up rather less than 2 cu. ft. of space, 
and the remote display units are of the same dimen- 
sions. 

In the ‘‘ Radiolocator IV ”’, two pulse lengths are 
used, one for the 1 and 3 mile ranges, and a somewhat 
longer one for the 10 and 40 mile ranges, resulting in 
higher definition on the first two and brighter illu- 
mination of targets on the latter. The pulse length is 
automatically changed when switching over from the 
3 mile to the 10 mile range or back again. 


Built-in Performance Indicator 


The aerial scanner of the ‘ Radiolocator IV ”’ 
installation is fitted with a built-in performance 
indicator, which, apart from effecting a considerable 
saving in fitting time and in first installation costs, 
ensures that all ‘‘ Radiolocator IV ”’ installations are 
provided with a standard check on performance, 





regardless of the structural differences of individual 
ships. The scanner is also fitted with de-icing 
apparatus which may be switched on and off as 
necessary. 
- Advances in technique have made possible a con- 
siderable reduction in the number of valves employed. 
The ‘‘ Radiolocator IV’’ uses only half as many 
valves as its predecessor, a fact which means a sub- 
stantial increase in reliability, since the majority of 
radar breakdowns at sea are traceable to valve 
failures. 

Price £1,950, with all requisite test equipment, and 
with a full stock of necessary expendable spares. 
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45 Mc/s. I.F. Strip Design 


HE designers of airborne radio and radar equip- 

ment are continually being pressed to reduce the 
size and weight of their equipment. The progress in 
the design of 1.F. amplifiers for radar systems in the 
past few years is an interesting example of the manner 
in which valve and component developments are re- 
flected in the improved performance and reduced size 
of electronic equipment. 

The photograph shows a war-time 1.F. unit which, 
together with its pre-amplifier, was extensively used 
in R.A.F. equipment, in comparison with examples 
of modern units based on miniature and sub-minia- 
ture valves. The reduction in size is quite striking, 
and one immediate advantage arising from this is 
that the whole 1.F. unit can be mounted in close 
proximity to the r.F. mixer, thus disposing of the 
separate head amplifier which is otherwise required. 

The miniature and sub-miniature amplifiers illus- 
trated are basically similar in circuit arrangement 
and mechanical layout although there are various 
detailed differences. 

The first stage in each case consists of a suitable 
R.F. pentode strapped as a triode and neutralized. 
The neutralizing capacitor for this application is a 
specially developed miniature component and is 
roughly one quarter the size of a normal air-spaced 
trimmer. The triode stage is followed by a normal 
pentode. Under these conditions it is found that 


the second stage contributes about 10 per cent of 
the total noise output rrom the system and a further 
small improvement in the noise factor could, there- 
fore, be achieved by use of the cascade or a similar 
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circuit. At the frequencies in question the small 
decrease in noise factor obtained is not worth the 
additional complication. Noise factor measurements 
on various valves have shown that the 6aK5 strapped 
as a triode is the best type of valve in current use, 
although the 636 with both halves in parallel is only 
about 0.5 to 0.8db worse. 

Considerable thought has been given to the 
inter-stage coupling arrangement. One important con- 
sideration is that the lining-up procedure both in 
production and subsequent servicing should be as 
simple as possible. A satisfactory gain-frequency 
characteristic for both bandwidths is secured by the 
use of dust-iron cored circuits, stagger-tuned in pairs, 
In the miniature strip the tuned circuits are in the 
grid of each stage, the required damping being 
provided by the anode resistor of the previous stage. 
In the sub-miniature strip the principle of staggered 
pairs is retained but the single tuned circuits are 
replaced by ‘‘ unity ”’ coupled transformers. 

A very high degree of stability is obtained in the 
miniature and sub-miniature units although there is 
no interstage shielding. By far the biggest factor 
in stability problems is the reduction of earth 
currents to the absolute minimum by careful layout. 
It is interesting to note that in_ spite of 
reduced length, the sub-miniature strip gave less 
design trouble from the stability point of view than 
the miniature version. This is to be expected if the 
theory which regards the chassis plus its cover as 
a wave-guide below cut-off is valid, since the decrease 
in overall length is accompanied by a reduction in 
cross-sectional dimensions and a consequent substan- 
tial increase in the cut-off frequency of the box. 


(Communicated by E. K. Cole, Ltd.) 
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Electronics at the 
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British Association 


(From Our Special Correspondent) 


LTHOUGH there were many incidental references 

to the science of electronics at the annual meeting 
of the British Association for the Advancement of 
Science, which ended in Birmingham on September 6, 
the subject properly claimed only two papers; both 
of which were well received. 

Professor A. Tustin (Department of Electrical 
Engineering, Birmingham University) devoted his 
attention to the progress that has been made in auto- 
matic control systems. The principles and limitations 
of all automatic control systems were analysed; and 
he showed that such systems might be regarded as 
power amplifiers with feed-back, and that the funda- 
mental limitations to accuracy and speed of control 
arose from energy storages in the system. Mr. L. 
Bainbridge-Bell (Admiralty Signals and Radar 
Establishment, Witley, Surrey) spoke on the need for 
clearer circuit diagrams, and some principles and 
articles were detailed. 


Present Progress in Automatic Control Systems 


The development of automatic machinery and of 
mechanization, said Professor Tustin, was continuing 
more rapidly than ever before. Most people believed 
that to be a good thing and to be likely, in some not- 
too-distant future, to ensure a good life for mankind. 
“TI am afraid that I cannot regard this result as cer- 
tain. It seems equally possible that advancing mecha- 
nization may lead to the dissipation of the earth’s 
limited resources in a joyless urban existence, to a 
blind proliferation of population, to intensified econo- 
mic competition and to ever greater horrors in war.” 

When one spoke of automatic operation, said 
Professor Tustin in referring to electronic controls, it 
was usually the automatic carrying out of a predeter- 
mined sequence that was meant; and mechanisms of 
that sort continued to be developed of constantly 
increasing complexity. He exampled the automatic 
telephone exchange and a modern digital calculating 
machine, which essentially performed a pre-arranged 
sequence of counting operations corresponding to an 
arithmetical calculation. But during and since the 
war progress had been particularly marked in the 
distinct class of error-actuated automatic devices, and 
special consideration was given to that category of 
control. He explained that it differed from the fixed- 
operation type in that the operation was not pre- 
determined; it depended on circumstances. he 
mechanism operated so as to bring about a pre- 
determined result, independently of varying circum- 
stances and disturbances. Because of the dependence 
of the operation on the result, which was contrived 
by causing any error from the required result to 
operate the control in such a way so as to minimize 
the error, such control systems were called ‘‘ error- 
actuated ” or ‘‘ monitored ’’ controls. They were 
also ‘‘ feed-back controls,’’ since they necessarily 
included feed-back of information as to the magni- 
tude of the errgr. 

It might at first be thought, said Professor Tustin, 
that automatic control systems could be made 


indefinitely more and more accurate by simply 
increasing the amplification, so that a smaller error 
would suffice to provide the required variations of 
output. That would be the case if the responses to 
error were instantaneous, but in practice time delays 
occurred and the corrective action persisted in the 
same direction after the error had been fully 
corrected; thus the error was reversed and appeared 
in the opposite direction. Time delays were shown to 
be the enemy of accurate control; if they existed it 
was impossible to raise the amplification indefinitely 
without cumulative oscillation occurring. It was be- 
cause all electric circuits were inductive that a power 
amplifier, such as an electric generator or a sequence 
of electric generators, could not be made to have an 
instantaneous response. 


Simplified Schematics 


The need for clearer circuit diagrams was empha- 
sized by Mr. L. Bainbridge-Bell. Earlier users of 
electronic circuits had little difficulty as the appara- 
tus had such a well-defined path of flow from cause to 
effect that it was difficult to draw a confusing 
diagram; but the development of radar with its 
various time-measuring and pulse-shaping circuits, 
often involving multiple feed-back paths, had made 
the situation intolerable. The advent of those com- 
plicated circuits, in which it was difficult to find 
where a particular circuit was thought to start, 
coincided with the need for quick (war-time) training 
of operators and servicing engineers. Those circuits 
had set the pattern for much peace-time electronic 
apparatus, so that the problems of clarifying compli- 
cated diagrams was present in ever increasing degree. 
Some guidance already existed, and in B.S. 530 there 
was a code of practice. Mr. Bainbridge-Bell men- 
tioned a few artifices which he had found useful. The 
human eye would easily follow a line formed of smooth 
curves across a number of other patterns, particularly 
if those patterns were rectangular. The quantitative 
study of the time saved (or the accuracy gained) by 
the use, in moderation, of curved lines would be in- 
teresting and, he thought, a profitable study for the 
psychologist. A study of the results might persuade 
more people to break away from the mechanical 
draughtsman’s conventions. Arrows, with their 
barbs drawn on the circuit lines, were useful, even 
when the “ cause to effect’? bow went from left to 
right. They livened-up the diagram and could 
emphasize important paths. 

The solution was (1) that readers should develop 
a critical faculty and voice their discontent when con- 
fusing diagrams were presented to them; (2) that in 
universities, students should be given guidance on the 
subject, and lecturers should draw their diagrams 
carefully. Mr. Bainbridge-Bell suggested that in 
commercial firms a man with the requisite technical 
knowledge should act as adviser to the drawing office. 
He exhibited a “classical example ”’ of utter con- 
fusion which sought to reveal the circuit of a motor 
car’s electrical equipment. 








Mullard High-speed Valve Tester 
(Illustrated above) 


IGH-SPEED, accurate valve testing 

by non-technical personnel is now 

possible by means of a new, automatic 

valve tester introduced by Mullard 

Electronic Products, Ltd., to be known as 
the Mullard High-speed Valve Tester. 

The new instrument has been speci- 
fically designed to satisfy all the exacting 
requirements necessary for the accurate 
testing of valves in dealer’s shops and 
service departments in accordance with 
approved test specifications. 

An interesting feature of the new 
instrument is the provision of a cathode 
ray tube and a coloured scale for visually 
indicating the condition of the valve 
under test. If the valve is within the 
specified limits, the spot on the screen is 
deflected to the green part of the scale. 
If, however, the valve fails to meet the 
test requirements, the spot is deflected 
to the red part of the scale. A reading in 
the intermediate yellow portion of the 
scale indicates that the valve, although 
still giving reasonable performance, will 
probably need early replacement. 

Correct testing conditions are applied 
automatically. The selection of the 
correct test voltages is quite simply per- 
formed by inserting in a multiple gate 
switch,a punched card which corresponds 
to the type of valve under test. Num- 
bered cards are included to cover the 
popular radio and television valves of all 
makes, and other cards are available on 
request. 

It is a compact and solidly constructed 
instrument, with all internal components 
readily accessible for servicing by 
removing one or more sections of the 
case. 

The top pane! carries a complete range 
of valve holders to accommodate all 
current types of valve. A flying lead to 
top-cap connexions is also provided. 

The tests include the following : 
filament or heater continuity, electrode 
insulation with and without H.T. applied, 
heater-cathode insulation, g-id current, 
emission and electrode open circuit. 
These various tests are app'ied by simple 
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operation of a rotary switch and four 
push buttons. 

The valve tester has been designed to 
operate from a 50 c/s, 180-260-volt A.C. 
supply. 

The instrument is less than 12 inches 
high and requires a bench space of not 
more than 16 inches square, and is easily 
transportable. 


Mullard Electronic Products, Ltd., 
Century House, 
Shaftesbury Avenue, W.C.2. 


Portable Radioactive Ore Detector 


HE Ecko ‘* Prod ’’ is an audible type 

portable counter which has been 
reduced to a simple form and comprises : 
a Geiger Muller tube, a_ polarizing 
battery, special headphone matching 
transformer, a small resistor and a pair 
of headphones. 

The amplitude of the clicks is adequate, 
even under extreme conditions, as the 
pulses are shaped and amplified by the 


specially designed output stage 
incorporated in the ‘* prod.”’ 
There are no controls, no_ inter- 


connecting cables, except for the 
headphones, and no electronic circuitry 
to go wrong. It weighs only 3} Ib. and 
may be carried in one hand like a wand, 
and used as a probe, or s!ung from the 
body. Since the instrument does not 
require to be switched on it is ready for 
use at all times, the only replacement 
required being the battery, the life of 
whichdepends only 

upon the climate. | 
In temperate clim- 
ates the life is be- 4 
tween six and nine 
months. 

The life of the ¥ 
Ekco halogen- 
quenched Geiger 
Muller tube is not 
affected by use. 
Another advantage 
of this tube is that 
the polarizing 
voltage is reduced 
from over 1,000 © 


volts to less than 400 volts. 
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A selection of new electronic equip- 
ment and 


accessories exhibited at 





This, apart 
from the reduction in size and weight, 
means a considerable saving in the cost 
of replacement batteries. 


E. K. Cole Ltd., 
Ekco Works, 
Southend-on-Sea, 
Essex. 


Standard 20 kW Short-Wave 
Equipment 

HE ‘‘Standard’’ Type 

Radio Transmitter is a 


D.S.15 
20 kW 


short-wave equipment, which may be 
employed in 
appropriate external 


conjunction with the 
Drive Unit for 
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Equipment 


The National Radio Exhibition, Castle 
Bromwich, from September 6— 16. 


a number of services, such as :— 
broadcasting and telephone _ trans- 
missions (A.3); high-speed telegraph 
transmissions with either frequency- 
shift.(F.1) or ‘‘ ON/OFF ”’ Keying (A.1). 
(In the latter case, facilities exist for the 
carrier signal to be either steady for 
straight CW telegraphy, or ‘‘ wobbled "’ 
about the mean value to correspond to 
MCW telegraphy) ; reduced carrier 
single or independent sideband trans- 
mission (A.3a or A.3b); and the 
transmitter may also be used for fre- 
quency modulated ‘‘ facsimile ’’ trans- 
missions (F.4). 

Operating frequencies are controlled 
by accurately ground quartz crystals 
mounted in a thermostatically controlled 
oven. The R.F. exciter mounts up to six 
crystals. Alternatively, the oscillator 
may be self excited. 

The final R.F. stage employs an 
inverted or grounded grid amplifier. 

Also shown on this stand was a 
diagrammatic map of the new radio link 
explaining the part played by the 
Company in its execution. 

Standard Telephones & Cables Ltd., 
Connaught House, 

Aldwych, 

London, W.C.2_ 


D.C. Insulation Tester 
(Illustrated top right) 
_ portable 10 kV Insulation Tester 
was designed to utilize an electronic 
technique. 

Audible indication of the degree of 
ionization in the test specimen is 
obtained by amplifying the A.C. com- 
ponents of the ionization current 
passing through the test specimen and 
applying them to a small loudspeaker. 
When testing a batch of components, a 
faulty specimen is readily detected by an 
increase in ionization noise compared 
with the normal ionization level obtained 
from good samples. The use of the 
ionization amplifier is restricted to those 
specimens that are isolated from earth. 

It should be noted that the examina- 
tion of ionization phenomena has only 
recently been introduced as an additional 
technique for insulation testing ; so far, 
it has not yielded sufficient data to 
enable it to be relied on for quantitative 
insulation measurement. 

The test voltage is a _ stepless 
adjustment from 500 to 10,000 volts 
D.C. The resistance ranges, as calculated 
from current readings at 10 kV, are in 
three positions of 5,000 to 250,000 
megohms, 500 to 25,000 megohms and 
50 to 2,500 megohms. The accuracy is 
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within 10 per cent up to 2,500 megohms 
and within 20 per cent up to 100,000 
megohms. Indication of insulation is 
given bya 2} in. meter—calibrated to read 
applied volts in kV, and current through 
specimen in micro-amps. 
The English Electric Co. Ltd., 
Industrial Electronics Department, 
Stafford. 


Appliance Switches 
Four new types of appliance switches 
have been added to the list of Bulgin 
components. 
The List No. $.377 is a two-pole 
on/off lever switch having all-insulated 


moulded thermo-setting structure. It, 


is for 6 amps at 250 volts peak maximum, 
fitted with 6 B.A. screw terminals for 
cables up to 3/20 S.W.G. or equivalent. 
It has dry insulation resistance of not less 
than 400 MQ at 500V., D.C. 

List types $.560, S.561 and S.360 are 
similar in construction. They are 
very robust, 
having a push- 
push action ie 
single-pole on/ © 
offforA-C./D.C. © 
appliances. They 
are for 250 V 
2A peak maxi- 
mum, tested at 
IkV peak. The 
first is fitted 
with an erinoid 
knob, the 
second with a 
polished nickel- 
plated knob and 
the third with 
a rubber foot 
knob. 


A. F. Bulgin & 
Co. Ltd., 
By-Pass Road, 
Barking, 

Essex, 
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4 ELECTRIC 
ELECTRONIC 
TESTER 


R.F. Heating Equipment for 
Cabinets 
(Illustrated below) 
B. Manufacturing Cabinets Ltd. use 

* an R.F. heating equipment for 
making cabinets. The wood parts are 
covered with a synthetic resin glue at 
the correct joinings and put into a 
wooden jig, which is in turn put into a 
screen cage. 

The screen cage uses a Redifon R.F. 
heater of 7 kilowatts, and has a time 
cycle of 3 minutes. The main advantages 
are that shapes are fabricated from 
lamina and curves are made without any 
strain or buckling. 

The illustration shows the operator 
setting the jig, with a completed cabinet 
in the foreground. 

The glue used is exceptionally strong, 
and cabinets can be bounced on the 
floor when set without breaking. 

J. B. Manufacturing Co. (Cabinets) Ltd., 

86, East Palmerston Road, 
London, E.17, 








A Photographic Timer 


Dear Sir,—Mr. C. H. Ban- 
thorpe’s circuit (March issue) is 
interesting but unduly expensive 
considering the accuracy is still 
limited to the accuracy of the 
resistors used in the “C.R.”’ cir- 
circuit. 

A much cheaper device using 
neons will give the same (if not 
greater) accuracy, no valves or 
transformer being required. 

I have recently built two such 
timers, one for A.c. and one for 
D.C. operation, which are very 


reliable. The circuit may be of 
interest. (See below.) 
Notes : 


Dissimilar neons are necessary. 

Neon “X”’ stabilizes charging 
voltage. The one used stabilized 
at 165V. 

Neon ‘“Y” has a striking volt- 
age less than the stabilized volt- 
age, i.e., 120V—145V, cv188 is 
suitable. 

Operation : 

1. On pressing K relay A operates 
via Bl and 

2. Locks via Al also shunt 10k 

removed from C 
3. Lamp circuit completed via A2 
4. Capacitor C (8#F paper of good 

insulation) charges via selec- 

ted resistance R 
. Neon ‘‘ Y ”’ strikes and relay 

B operates 
6. Circuit of relay A breaks at B1 


or 
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LETTERS TO THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 








releasing relay A and _ switch- 
ing off lamp. 

Choice of values for C and R 
depend on range required. Suit- 
able values are C = 8#F paper 
good insulation, for 1 second 
approximately R = 90k, for 5 
seconds approximately R = 
490k. 

Yours faithfully, 
R. F. Wo.iFenpen. 
Hendon, 
London, N.W.4. 


Mr. Banthorpe replies : 


I like Mr. Wolfenden’s timer, 
and he has obviously given it con- 
siderable thought. 

I have had some experience of a 
similar circuit, and neons are an 
obvious choice if extreme 
economy is necessary. 

Unfortunately neons vary 
rather a lot, and unless one can 
select them from _ several, the 
resistors may have to be different 
in different units, particularly as 
the striking potential of neon 
“Y”? is not much below neon 
“*X’’ and it will thus strike on 
the flat part of the charging 
voltage across C. 

The resistors would have to be 
changed if either neon was re- 
placed by another with a different 
striking potential, and unless re- 
lay B1 is of high resistance, neon 
“‘Y’’ may have a short life. 

Mr. Wolfenden mentions a 
striking potential of between 
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120V-145V for neon “ Y,”’ but 
these values would make a time 
difference of over 1.6: 1. 

The position may be improved 
somewhat by tapping up the 5k 
resistor in series with neon ‘‘ X.”’ 
The hard valve circuit is, of 
course, much more repeatable. 

I have found that a timer simi- 
lar to mine has been described 
before’, in rather more detail, 
and the writers found theirs satis- 
factory too. There are probably 
a great number of satisfactory 
timers in use, and they are a real 
help in the darkroom. 

I think Mr. Wolfenden’s cir- 
cuit may be of considerable in- 
terest to those who require a 
timer of extreme economy, and 


who would be prepared to 
‘tailor ’’ the resistors to the 
particular neons_ used, and 


would not mind changing them if 
they had to replace a neon. 

1 «* 4 Timer for Photo Printing” by N. Phelp 
and F. Tappenden. Hlectronic Engineering, 
October 1946. 


Time-Calibrated C.R.T. Traces 


Dear Srr,—It was with interest 
that I read Mr. O. S. Puckle’s 
adaptation of Mr. C. H 
Banthorpe’s time marker circuit 
for television receiver spot wob- 
bling, in the June issue of 
ELECTRONIC ENGINEERING. There 
are, however, two points in the 
deflector plate theory which ap- 
pear misleading :— 

(i) A plate spacing of ? in. has 
been assumed, but this is really 
an arbitrary figure and cannot 
be realized in present-day tele- 
vision tubes, whose neck diame- 
ters are some 35 mm. Calcula- 
tions suggest that Mr. Puckle’s 
figure of 2 in. is, anyway, too 
small when taken in conjunction 
with the plate length and sensi- 
tivity quoted; if the plate spac- 
ing is increased to the 35 mm. 
required by current tubes, the 
necessary deflecting fields would, 
however, still be obtained. 

(ii) It is difficult to see how the 
electron beam, at least in com- 
mercial television tubes, can be 
suitably deflected by externally 
applied electrostatic fields, since 
the internal wall of the neck, 
which is coated with graphite 
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and connected to the final anode, 
has a fairly low resistance. Thus 
ijt is impossible to introduce de- 
flecting fields within the tube 
neck by placing deflector plates 
outside.—Yours faithfully, 


L. S. ALLARD. 
Research Laboratories, 
The General Electric Co., Ltd., 
Middlesex. 


The Influence of High-Order 
Products in Non-Linear Distortion 


Dear Srr,—As an originator of 
the 1937 R.M.A. specification for 
testing harmonic distortion in 
broadcast receivers, I was very 
interested to note Mr. Shorter’s 
article on this subject in the April 
issue. 

A series of tests upon the mini- 
mum per cent harmonic audible 
on pure tones gave figures vary- 
ing from some 5 to 10 per cent 
for 2nd harmonic to the order of 
0.1 per cent for, say, the 9th har- 
monic. The figures obtained 
varied considerably with the 
fundamental frequency and the 
loudness level, and were checked 
against the curves for masking 
of a high tone by a lower tone, as 
given by Harvey Fletcher. I 
have not got the actual figures 
by me now, but can say that they 
indicated that while no simple an 
or «wn weighting system was 
really correct, either of these 
would be a great improvement 
over the usual R.M.s. sum. 

The R.M.A. specification test 
was proposed only after a simple 
piece of test apparatus working 
on these lines had been in use 
over a considerable period. This 
merely comprised a filter for the 
fundamental plus a single R-C 
section to attenuate the lower 
harmonics proportionally, — to- 
gether with an amplifier and out- 
put meter. 

Although in some cases a more 
drastic weighting was indicated 
by the tests, there were certain 
practical difficulties (e.g., correct 
weighting varies greatly with 
fundamental frequency) and _ it 
was felt that it would be unwise 
to standardize on a system so 
radically different from current 
practice without exhaustive tests 
and considerable practical ex- 
perience of its correlation with 
audible distortion on actual pro- 
grammes. 

More recently I have made 
attempts to correlate intermodu- 
lation distortion with per cent 
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harmonic. If we assume a power 
series (aV+bV’+cV'+ ... ete.) 
characteristic, we can easily cal- 
culate all the harmonic and inter- 
modulation tones present for any 
given values of the coefficients a, 
b, ete., provided we limit the 
number of terms in the series to, 
say, eight, or assume a_ strong 
convergence in the coefficients. 
However, tests on actual valves 
under various Class A and Class 
AB conditions gave a per cent o! 
harmonic relative to that of cor- 
responding intermodulation tones 
which did not agree well with the 
calculations: this can only mean 
that the valve characteristic is 
not at all accurately represent- 
able by a power series with 
strongly convergent coefficients. 
Insofar, however, as_ the 
analysis is valid, it does suggest 
that the frequently advocated 
measurement of the first inter- 
modulation tone will not tell us 
any more (i.e., is not any mor 
indicative of the presence of high 
order curvature in the charac- 
teristic) than a measurement of 
2nd harmonic, and it certainly 
cannot tell us anything about the 


odd-order distortion terms which: 


may be present. 

I conclude, therefore, that the 
R.M.A. test could well be more 
widely used, and that further re- 
search should be undertaken into 
the relative merits of harmonic 
measurements with heavier 
weighting, and of intermodula- 
tion measurements. 

M. V. CALLENDAR. 
Southend-on-Sea, Essex. 


Mr. Shorter replies : 


I have studied the letter from 
Mr. M. V. Callendar relating to 
my article published in the April 
issue of ELECTRONIC ENGINEERING, 
and would like to make the fol- 
lowing comments :— 

I share Mr. M. V. Callendar’s 
views on the need for caution in 
the introduction of new test 
methods. The purpose of my 
article was not to propose any 
one system of distortion measure- 
ment, but to demonstrate one of 
the shortcomings of the current 
practice and to indicate possible 
lines of approach for the future. 

It is a pity that the 1937 
R.M.A. specification for distor- 
tion testing has received so little 
attention. If the method there 
prescribed had been generally 
adopted at the time, much valu- 
able experience would have been 
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gained and we might now be in 
a better position to consider 
further refinements in technique. 

His observations on _inter- 
modulation tests are of great 
interest. The value of such tests 
depends very much on their being 
intelligently applied. An incom- 
plete analysis of intermodulation 
products is not only subject to 
the same kind of limitation as an 
incomplete analysis of harmonics, 
but, as Mr. Callendar points out, 
can be misleading in the matter 
of odd-order distortions. 

I entirely agree with the sug- 
gestions contained in Mr. Callen- 
dar’s last paragraph, to which I 
would add (a) that in the present 
state of the art, the amplitudes 
of individual distortion products 
should be quoted whenever the 
degree of linearity of different 
systems is being compared, (b) 
that any distortion measurements 
should be supplemented by an 
oscillographic inspection of the 
waveform for discontinuities. 


Checking Television Interlace 


Dear Sir,—On the occasion of 
the recent Radio Show at Castle 
Bromwich the Television Society 
organized a visit of members 
and friends to the Sutton Cold- 
field transmitting station, thus 
taking a rare opportunity of 
bringing together members from 
different centres. 

I was lucky enough to be in- 
cluded in the party, and, apart 
from the hospitality extended to 
us by the B.B.C. staff, the main 
impression I carried away was of 
the perfectly interlaced pictures 
on the control room monitor 
screens. From these “ ideal ”’ 
pictures it was obvious that the 
quality of interlacing can be 
quite easily checked by eye. 

By staring fixedly at one small 
area of the cathode ray tube face 
the general pattern of the lines 
will be observed; this will reveal 
if there is any slight tendency 
to pairing. If the lines are 
equidistant, and single lines can 
be followed by the eye as they 
appear to move up the tube face 
at a rate of about 1.25 inches a 
second then perfect interlacing 
has been achieved. It will also 
be noticed that the moving lines 
seem to be separated by twice 
their usual spacing. — Yours 
faithfully, 

K. TuRNER. 
London, N.13. 
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Electronic Valves—Book I. 
Fundamentals of Radio-Valve 
Technique 


By J. Deketh, translated by F. G. Garratt. 
535 pages. Philips Technical Library, 
distributed by Cleaver Hume Press, 
Ltd., London. 1949. Price 25s. 


HE radio-valve industry has an 

extremely good record in respect 
of the effort which is applied to 
research and development. Conse- 
quently it is in continuous produc- 
tion of development engineers who 
wish to understand the fundamental 
principles of radio-valves. In this 
book the author has done a very 
great deal to meet this demand. He 
starts by explaining very clearly the 
factors controlling electron currents 
in valves, and shows great skill in 
avoiding unnecessary mathematics, 
demonstrating the  three-halves- 
power law, for example, quite 
rigorously without the use of cal- 
culus or more than the simplest of 
algebra. 

The emission of electrons from 
metals and composite surfaces is 
similarly dealt with in a simple but 
satisfying manner. The statement 
that the exponential form of the 
diode-current in the retarding-field 
region shows that this current “‘ can 


never become zero” might be 
queried; with -10 volts in the 
anode, an ordinary diode would 


require to exist for ten million times 
as long as the earth has existed so 
far for there to be a good chance 
of one electron passing, and hence 
over practical periods the current 
will in fact be exactly zero. The 
voltage range over which such 
currents are of practical interest is, 
however, made quite clear. 

Actual valve’ construction is 
extremely well described for con- 
ventional modern types, including 
those with pressed glass bases, but 
not including the disk-seal valves 
used for ultra high frequencies. No 
mention is made of klystrons, mag- 
netrons or allied devices, but excel- 
lent descriptions are given of fre- 
quency-changers and of many estab- 
lished forms of multi-grid valves. 

The performance of valves in 
circuits and the tricks by which the 
best can be got out of them are very 
well dealt with; the fund of prac- 
tical experience available within the 
Philips laboratories shows to excel- 
lent effect. 

The translation is outstandingly 
good. The only objection noticed 
by the reviewer is the use of the 
term ‘hail effect ’’ for the fluctua- 
tion of current due to the discrete 
nature of electrons rather than the 
more usual ‘“ shot effect.’ 

Further books in this series will be 
looked forward to with great 
interest. 


J. H. Fremiin. 
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Electronic Valves—Book Il. 
Data and Circuits of 
Receiver and Amplifier 


Valves 
Translated by G. Ducloux. 409 pp. 532 
figures. Philips Technical Library, 


distributed by Cleaver Hume Press, 
Ltd., London, 1949. Price 2ls. 


66 ATA and Circuits of Receiver 
and Amplifier Valves’’ is 

Book II of a series published by 

Philips’ Technical Library. 

This book contains a_ survey, 
together with descriptions and data, 
of the valves brought out by 
Philips in the years 1933 to 1939. 
The information covers the use and 
application of modern receiving, 
amplifying and rectifying valves, as 
well as doutesale tubes for current 
stabilizers and _ regulators, ete. 
Tables are incorporated of other 
receiver type valves, cathode ray 
tubes and special valves, and a 
large number of receiver circuits are 
also included, as well as details of 
measuring instruments for labora- 
tories and workshops, 

In general the valve descriptions 
are brief, but newer principles are 
more fully treated, and some cir- 
cuit diagrams are included. The 
data concerning each valve is given 
mainly for application purposes. 

The opening chapters of this work 
contain hints on the use of valves 
and tubes, and undesirable con- 
nexions or wrong applications can 
be avoided by perusal of this 
section. 

*“*Data and Circuits of Receiver 
and Amplifier Valves’’ should 
interest all those concerned with 
radio receivers, their associated 
equipment and electronic tubes. 


Electronic Valves—Book Ill. 
Data and Circuits’ of 
Modern Receiver and 

Amplifier Valves 


Translated by G. Ducloux. 213 pp. 
267 figures. Philips Technical Library. 
distributed by Cleaver Hume Press, Ltd,, 
London. 1949. Price 12s. 6d 


HIS book provides a review 

giving full descriptions, including 
applications and circuits, of the 
receiver/amplifier and rectifier, all 
glass types of valves developed in 
1940 and 1941, and forms a supple- 
ment to Book II. Many receiver 
circuits using the valves mentioned 
are included, and the book also con- 





er, 1950 


)K 


00k Il. 
; of 
lifier 


9 pp. 532 
Library, 
ne Press, 


Receiver 
ves’”’ is 


ished by 


survey, 
ind data, 
out by 
to 1939. 
use and 
eceiving, 
alves, as 
r current 
rs, etc. 
of other 
1ode ray 
. and a 
cuits are 
letails of 
- labora- 


criptions 
iples are 
ome cir- 
d. The 
is given 
poses. 

his work 
of valves 
ble con- 
ions can 
of this 


Receiver 
should 
ed with 
ssociated 
ibes. 


ok Ill. 
of 
and 
S 
213 pp. 


| Library. 
ress, Ltd,, 


review 
neluding 
of the 
ifier, all 
loped in 
, supple- 
receiver 
entioned 
also con- 





October, 1950 


REVIEWS 


tains a description of measuring and 
auxiliary instruments used both in 
plant and laboratories as in 1942. 


Electronic Valves—Book IV. 

Application of the Electronic 

Valve in Radio Receivers and 
Amplifiers 


By B. G. Dammers, J. Haantjes, J. Otte 
and H. Van Suchtelen. Translated by 
S. H. Alexander. 416 pp. 256 figures. 
Philips Technical Library, distributed by 
the Cleaver Hume Press, Ltd. Price 35s. 


HIS book, the fourth of a 

series on electronic valves by 
staff of the Philips Organisation, is 
concerned with the R.F, stages of the 
receiver. It is a translation of an 
original in Dutch, but only in a few 
places in the text is this fact 
betrayed. A full list of symbols is 
given in the introduction; except 
that S instead of g is used for con- 
ductance they are similar to the 
symbols used in English publica- 
tions. The same is true of circuit 
symbols, resistance only differing 
from normal English practice. The 
subject of the book has been treated 
by English authors fairly thoroughly 
from the standpoint both of tech- 
nician and technologist so that we 
should not expect to find much that 
is new, and this indeed is the case. 
There are five sections dealing 
respectively with R.F. and L¥F. 
amplification, frequency changing, 
oscillator tracking, distortion and 
detection. 

The first section starts with the 
fundamental characteristics of single 
and double tuned circuits and it 
draws attention to their presentation 
in generalized form. The logarith- 
mic ratio ordinate scale, which is 
employed, could with advantage 
have been replaced by the linear 
db scale, and it is surprising that no 
reference is made to the original 
work carried out by Beatty (Wire- 
less Engineer, October 1932). The 
authors also seem to be unaware of 
Sturley’s extension of Beatty’s 
curves to band pass circuits with 
couplings other than by mutual 
inductance (Wireless Engineer, 
Sept. and Oct. 1948). An excellent 
feature of this section and, indeed, 
of the whole book is the generous 
sprinkling of numerical illustrations 
though English readers may feel 
that undue emphasis is placed on an 
1.F. of 125 ke/s. The use of tuned 
circuits in association with valves, 
and the combination of circuits to 
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provide optimum selectivity in v.F. 
stages are discussed. 

The title ‘‘ Frequency Changing ”’ 
of the second section, which occupies 
well over a third of the book, is 
somewhat a misnomer as a large 
proportion of the text is devoted to 
oscillator problems, A short intro- 
duction deals with the calculation 
of ge and then we are switched to 
a discussion on the properties of 
oscillator circuits and the stabiliza- 
tion of oscillator amplitude over the 
tuning range. The parallel fed oscil- 
lator is the subject of the next part, 
which is followed by discussions on 
squegging, interaction, electron 
transit time and frequency drift. 

Section 3 shows how tracking error 
is estimated and oscillator circuit 
components calculated. 

The causes of modulation hum, 
modulation distortion and _ cross 
modulation are considered in the 
next section, and methods of 
measuring these valve curvature 
effects are outlined. Whistles and 
whistle charts are also dealt with. 

The method of presenting detection 
is conventional and section 5 mainly 
concerns itself with the diode and 
its effect on the associated circuits. 
Reference is made to the distortion 
which arises when one sideband is 
missing and to demodulation due to 
a strong undesired carrier. 

It is very probable that this book 
fulfils a mi i in the country of its 
origin, but it is difficult to foresee a 
large market for it in this country 
where it has to compete with a 
number of well established books 
covering much the same ground, 


K. R. Srurtey. 


Electronics in Engineering 


By W. Ryland Hill. 274 pp. Ist Edition. 
McGraw-Hill Book Co., Inc., 1949. Price 
30s. 


HE increasing use of electronics 

in industry makes very necessary 
a reliable text-book to which non- 
electronic engineers can turn to learn 
something of this branch of techno- 
logy. The volume under review is an 
attempt to meet this need. Professor 
Hill has produced an elementary 
book of wide scope which contains a 
number of very misleading state- 
ments. Page 141 shows the fre- 
quency response of a simple R-C 
amplifier, with no special precautions 
to ensure good frequency response, 
to be flat from (approximately) 
100 c/s to 100 kc/s. The name 
‘* damplifier ’’ is suggested (humour- 
ously) for the cathode-follower, but 
its unique impedance transformation 
property is nowhere mentioned. On 
page 182, we are told that the Q of 
a tuned circuit depends almost en- 
tirely on the resistance of the coil 
since ‘‘ practical capacitors are 
nearly lossless,’? while on the page 
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TELEVISION 
Volumes V and VI 


Two new volumes of the well 
known RCA Technical Book Series 
have recently been published by RCA 
Review. Each book conisists of 
numerous full length papers and 
summaries on all important phases of 
television, conveniently classified in six 
sections: Pickup, Transmission, Re- 
ception, UHF, Colour and General. 


Volume V contains papers pub- 
lished during 1947 and 1948. Volume 
VI covers the period of 1949 through 
June 1950 and includes a complete 
RCA television bibliography (1929- 
June 1950). 


Price per vol. (cloth bound) 22/- 


All previous volumes of the RCA 
Technical Book Series are _ still 
available. 


Write to: 
RCA PHOTOPHONE 


LIMITED, 


(An Associate Company of the Radio 
Corporation of America) 


36, WOODSTOCK GROVE, 
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opposite a typical value of Q for a 
500 #h air cored Litz wire coil is 
shown to be 800 at 800 kc/s. Any 
reader with no practical knowledge 
of electronics will certainly find him- 
self at a disadvantage if he relies on 
this book for information on quanti- 
tative aspects of components and 
apparatus. 

On the positive side, the style is 
free, the diagrams clear and_ the 
layout and presentation excellent. 
Some on topics for a book of 
this level are included, e.g., elec- 
tronic control circuits, transducers, 
and the general groundwork is 
briefly covered. Each chapter con- 
cludes with a series of problems to 
which, unfortunately, no answers are 
given. 

K. G. Lockyer. 


Giant Brains ; or Machines 
That Think 


By E. C. Berkeley. 270 pp. Chapman & 
Hall, 1949. Price 32s. 


HE least satisfactory feature of 

this book is the title, which sug- 
gests a naive or sensational attitude; 
actually, although informal in style, 
it is serious in intent and gives a 
large amount of information about 
the whole subject of automatic com- 
putation. Most of the book is des- 
criptive, giving accounts of the more 
important large-scale computers so 
far built or planned. 

The contents of the book can be 
summarized as follows. After intro- 
ductory chapters, in which the 
author indicates the field to be 
covered, discusses what he means by 
‘‘ thinking’? and _ gives short 
accounts of language and number 
systems and the storage and trans- 
mission of information, there is a 
detailed description of a hypothetical 
machine which might be called a 
basic computer. This is a simple 
relav-controlled device—the author 
christens it Simon—working in the 
scale of 2, which can perform elemen- 
tary arithmetical and logical opera- 
tions; this chapter is really an 
excellent introduction to the theory 
of one type of automatic computer. 
These are then the six descriptive 
chapters, which include accounts of 
the famous if already obsolescent 
ENIAC, the MIT differential ana- 
lyzer, standard commercial punched- 
card machinery (e.g., IBM in 
America, Hollerith or Powers-Samas 
here) and an interesting machine 
built at Harvard in 1947 to solve 
logical problems. In each case the 


account is about as complete as 
could be reasonably expected: the 
physical construction of the machine 
is described, also the method of 
representing and manipulating 
numbers, and the working out of a 
simple sum is shown. The chapter 
on the logical calculator contains an 
interesting short account of Boolean 
algebra, the algebra of logical rela- 
tions. The two final chapters are 
less factual. In “‘ The Future ” the 
author tries to forecast the develop- 
ments yet to be made—not a 
super-calculators, but also electronic 
translators and typists, even, maybe, 
an electronic cook. In ‘“ Social 
Control ’’ he discusses the impact of 
these machines on society. An 
appendix gives an excellent collec- 
tion of references to all aspects of 
the subject—from papers in the 
Royal Society Proceedings to snappy 
articles in ‘‘ Time.’’ 

To the English reader, the almost 
complete omission of reference to 
development outside America is a 
little depressing. To be sure, the 
Americans have plunged into this 
subject with remarkable if typical 
enthusiasm; but surely the Cam- 
bridge EDSAC merits more than a 
mere note in the_ bibliography? 
More surprising still, the work of 
ee ee Williams and his Manchester 
team on the cathode-ray memory 
tube gets no mention at all. 

The whole book is exceedingly 
interesting and informative, and the 
author has done a service in writing 
it. The advent of machines which, 
once given a set of instructions, will 
carry out a tremendous computa- 
tion at about a thousand times the 
speed of a human computer, is a 
matter of prime importance, which 
should be appreciated throughout 
the scientific world. The reviewer 
would rather not call these machines 
brains, nor say that they think : they 
perform well-defined operations in 
response to precise instructions, 
just as does an automatic telephone 
exchange or a_ desk calculating 
machine—the difference in degree is 
enormous, but not in kind. 

A good (if not socially very valu- 
able) illustration of this difference 
in degree is provided by the recent 
publication of the value of 7 to 2035 
decimals: this was calculated by 
the ENIAC in the course of two 
week-ends. Nevertheless, the 
machine did not “ think ”’ of the 
way to do this; just as a pianola can 
play a Beethoven sonata, but only if 
it is given the right roll. 


J. How tert. 
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NOTES FROM THE INDUSTRY 


The Polytechnic Electrical 
Engineering Courses 


In the session 1950-1951 the Poly- 
technic offer a wide range ot 
courses in the electrical engineering 
field, providing a thorough training 
in the princivles and techniques of 
the subjects. 


The telecommunications courses 
are approved for the award of the 
“ Ordinary ”’ and ** Higher ”’ 
National Certificates granted by the 
Institution of Electrical Engineers 
in conjunction with the Ministry of 
Education, and are also recognized 
by the City and Guilds of London 
Institute as preparing for their 
examinations. 


The courses in radio and tele- 
vision service work prepare for the 
Radio and _ Television Servicing 
Certificates awarded jointly by the 
City and Guilds and the Radio 
Trades Examination Board. 


The radio, television and measure- 
ments laboratories are well equip- 
ped with modern apparatus, most 
ef which has been specially designed 
for advanced experimental work. 
These laboratories are available for 
those wishing to prepare theses for 
the Higher University Degrees, or 
to pursue an advanced study of a 
particular subject. 


Full details and a prospectus can 
be obtained on application to the 
Polytechnic, Electrical Engineering 
Department, 309 Regent Street, 
London, W.1. 


Record Demands for Space at 1951 
British Industries Fair 


The 1951 British Industries Fair 
will be held in London, at Earls 
Court and Olympia, and in Bir- 
mingham at Castle Bromwich from 
30 April to 11 May. 


The response to application forms 
for space is already an all-time 
record and indicates that this will 
be the largest and most comprehe”- 
sive trade fair ever organised in 
Britain. The forms were sent out 
during the middle of July and by 
the end of July twice as much space 
had been applied for as at the cor- 
responding period for any previous 
Fair. The organisers are arranging 
to extend the stand space as far as 
the limits of the fair buildings and 
the interests of the exhibitors will 
allow. The closing date for applica- 
tions was 19 August and every effort 
will be made to accommodate all 
requests received though sizes of 
individual stands may have to be 
limited. 


Congress of International Scientific 
Film Association 


The Fourth Congress of the Inter- 
national Scientific Film Association 
is being held in Florence from 14 
October-22 October, 1950. 


As in the case of the three pre- 
vious Congresses held in Paris, Lon- 
don and Brussels, there will be a 
Festival of Scientific Films during 
the period of the Congress. A specia] 
committee of the British Scientific 
Film Association has been formed 
to recommend films for submission 
to this Festival. 


Apart from the Festival of Films, 
there will be specialist group meet- 
ings of the Medical, Research Film 
and Industrial Film Committees, 
and also the business meetings ctf 
the General Assembly of the Con- 
gress, 


Engineering’ Education in Technical 
Institutes and Colleges 


The Regional Advisory Council for 
Higher Education have published a 
pamphlet on engineering education 
in the area, in collaboration with 


the Engineering and Allied Em-. 


ployers (London and _ District) 


Association, 


The pamphlet gives general infor- 
mation about the various types of 
courses available (e.g., for engineer- 
ing crafts, National Certificates and 
so on) for students from the time 
they leave school. An outline is also 
given of facilities available for stu- 
dents who are qualified to follow 
courses for university degrees and 
research. There is also a list of the 
colleges in the region concerned 
with the courses offered during the 
session 1949/50, which it is thought 
may be a. useful guide on which to 
base inquiries regarding present or 
future facilities. 


Copies can be obtained from the 
offices of the Regional Advisory 
Council, 20 Fitzroy Square, London, 
W.1, price 1s., post free 


A Studio Without Engineers 


In the past the BBC frequently 
has wished to include in its pro- 
grammes a topical interview with 
some celebrity just disembarked 
from one of the transatlantic liners. 
This has meant the transport of an 
engineer and a duplicate set of out- 
side broadcasting equipment from 
Bristol or some nearer voint where 
the outside broadcasting staff were 
working at the moment, The dis- 
location in the planning and staff- 
ing of outside broadcasts has been 
unavoidable, and the cost in trans- 


port and ne hours has been 
considerable. 

To meet the difficulty, the BBC 
Engineering Division is experimen- 
tally installing an unattended set of 
studio equipment in the Guildhall at 
Southampton, The equipment will 
normally be locked up, but is in- 
stalled in such a way that it can 
be switched on and send its pro- 
gramme via the G.P.O. lines to 
Bristol, without anyone being 
present other than the celebrity and 
the programme representative 
responsible for the interview. 

he programme representative 
will switch on the equipment, which 
is installed in duplicate, and the 
microphone outout with the neces- 
sary amoblification, and electrical 
corrections, will, it is hoped, appear 
at Bristol, where it will be switched 
into the broadcast chain on a pre- 
arranged cue. 


Greece Orders British 
Telecommunication Equipment 


As part of the complete recon- 
struction of the Greek telecom- 
munication system, the Greek P. T. 
& T. authorities have ordered from 
Standard Telephones and Cables, 
Ltd., their main overseas radio- 
telephone link system. 

This will provide telephone cir- 
cuits to the most modern standards, 
with the U.K. and the U. oo 

The equipment to be supplied 
covers the complete system an a4 in- 
cludes two 4 kW Single-Sideband 
transmitters for simultaneous work- 
ing to London and New York, with 
a 40 kW power amplifier for use 
when transmission conditions are 
poor, two single-sideband receivers, 
equipment for connecting four 
speech circuits to the telephone net- 
work including a privacy system 
and aerials, power plant, etc. 

The value of the installations, 
work on which will commence early 
next year, approximates to £80,000. 


Radiomobile Limited 
A Change of Name 


Recently the title of Radiomobile, 
Ltd., the company responsible for 
the manufacture and distribution of 
‘* His Master’s Voice ’? Automobile 
Radio Equipment, changed to S. 
Smith & Sons (Radiomobile), Ltd. 


Rome Ultrasonics Convention 


We regret that a _ misprint 
appeared on page 393 of the Sep- 
tember issue of ELecrronic ENGI- 
NEERING. The first column, line 24, 
should read ‘‘ crystals, an accuracy 
of 0.05 per cent being attained ’’ and 
not ‘crystals, an accuracy of 0.5 
per cent being attained.” 
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MEETINGS THIS MONTH 


INSTITUTION OF ELECTRICAL 
ENGINEERS 


All London meetings are held at the Institution 
of Electrical Engineers, Savoy Place, W.C.2. 


Date: October 5. Time: 5.30 p.m. 
Inaugural Address as President 
By: Sir Archibald J. Gill, B. Sc. (Eng.). 


Measurements Section 
Date: October 10. Time: 5.30 p.m. 
Chairman's Address. 
By : G.A. V. Sowter, Ph.D., B.Sc.(Eng.). 


Radio Section 
Date: October 18. Time : 
Chairman's Address. 
By: C. F. Booth, O.B.E. 


5.30 p.m. 


Informal Meetings 
Date: October 23. Time: 5.30 p.m. 
Discussion : Radio Interference and the New 
Wireless Telegraphy Act. 
Opened by the President. 


District Meeting 
Date: October II. Time: 7 p.m. 
Held at: The Electricity Showrooms, Southern 
Electricity Board, 37, George Street, Oxford. 
Lecture: Present Problems in Television. 
By : G. H. Watson. 


East Midland Centre 


Date: October 17. Time: 6.30 p.m. 
Held at : Gas Demonstration Theatre, Notting- 
ham. 


Informal Lecture : ‘ 3 
ance of Television Outside-Broaacast Equip- 


ment. 
By: T. H. Bridgewater. 
Cambridge Radio PT . 


Date : October 17. Time: 6 
Held at : The Cambridgeshire Technical College, 
Cambridge. 


Chairman’s Address. 
By: F. H. Townsend. 


North-Eastern Radio and Measurements 


Group 
Date: October 16. Time: 6.15 p.m. 
Held at: King’s College, Newcastle-on-Tyne. 


Chairman’s Address. 
By : Professor J. C. Prescott, D.Eng. 


North Midland Centre 
Date: October 3. Time: 6.30 p.m. 
Held at: British Electricity Authority, York- 
shire Division, |, Whitehall Road, Leeds. 
Chairman’s Address. 
By : W. F. Smith, B.Sc. 


North-Western Radio Group 


Date : October 25. Time: 6.30 p.m. 
Held at: The Engineers’ Club, Albert Square, 
Manchester. 


Chairman's Address. 
By: A. G. S. Smith. 


South Midland Radio ao 
Date: October 2. Time: Y 
Held at : James Watt Memorial inecieute, Great 
Charles Street, Birmingham. 
Lecture : Economies in the Planning, Design 
and Operation of a Sound Broadcasting System. 
By: R. T. B. Wynn, C.B.E., M.A 


THE TELEVISION SOCIETY 


Engineering Group 


Date : October 13. 

Held at: C. E. A., 164, Shaftesbury Avenue, 
London, W.C.2. 

Lecture: The Television 


— Electric 
Receiver Model 1550. 
By: D. Feuings, B.Sc. 


INSTITUTION OF POST OFFICE 
ELECTRICAL ENGINEERS 

Date: October 3. Time: 5 p.m 

Held at: Institution of Electrical Engineers, 
Savoy Place, W.C.2 

Lecture : London Station Cable and Wireless 
Telegraph Section, L.T.R.—An Engineering 
Survey. 


The Operation and Mainten-- 


ew "L. Green (Asst. 


|| SECRETARIES OF ASSOCIATIONS 


INSTITUTION OF ELECTRICAL 
ENGINEERS 
The Secretary, Institution of Electrical Engineers, 
Savoy Place, W.C.2 
Cambridge Radio Group 
G. E. Middleton, M.A., University Engineering 
Laboratory, Cambridge. 
North-Eastern Radio and Measurements 
roup 
G. A. Kysh (Asst. Sec.), Carliol House, New- 
castle-on-Tyne, 
North-Western Radio Group 
Sec.), 244, Brantingham 
| Road, Chorlton-cum-Hardy, Manchester, 21. 
} South Midland Radio Group 
W. H. Brent, B.Sc., Regional Director’s Office, 


Charles Street, Birmingham, 3. 


| 
] Midlands Region (G.P.O.), Civic House, Great 
| 


| Richard 


| Gallows Hill, 


| 


| 
|| R. A. Lampitt, 


General Secretary, New Ruskin House, Little 
| 


BRITISH INSTITUTION OF 
RADIO ENGINEERS 


The General pee. 9, Bedford Square, 
London, W.C.| 


esis Section 


| A. A. M. Turnbull, A.M.Brit.I.R.E., 68, Launder- 


dale Gardens, Glasgow, W.2. 
West Midlands Section 


A.M.Brit.I.R.E., 20, Northfield 
Grove, Merry Hill, Wolverhampton. 


INC. RADIO SOCIETY OF GT. BRITAIN 
Russell Street, W.C 


BRITISH SOUND RECORDING 
ASSOCIATION 


W. Lowden, ‘‘ Wayford,’’ 
Avenue, Farnborough, Hants. 


Napoleon 


TELEVISION SOCIETY 
Engineering Group 
G. T. Clack, 10, Tantallon Road, Balham, London, 
S.W.12. = 


RADAR ASSOCIATION 


Committee: J. C. Warren, 57, 
Kings Langley, Herts. 


Technical 


INSTITUTION OF POST OFFICE 
ELECTRICAL ENGINEERS 


H. ge A.M.1.E.E., Engineer-in-Chief’s 
pI (T. P. Branch), Alder House, E.C.1. 


INSTITUTION OF ELECTRONICS 
Lecture Sec.: W. Summer, 31, Beech Road, 
Bournville, Birmingham, 


| 
1| 
|| 
| 
North-West Branch 


|| L. F. Berry, 105, Birch Avenue, Chadderton, 


Lancs. 


SOCIETY OF RELAY ENGINEERS 
T. H. Hall, M.Brit.I.R.E., 23, Dalkeith Place, 
Kettering, Northants. 


SOCIETY OF INSTRUMENT 
TECHNOLOGY 


L. B. Lambert, 55, Tudor Gardens, London, W.3. 
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By: R. G. Griffiths. 
Date: October 18. Time: 5 p.m 
Held at : Conference Room, 4th Floor, Waterloo 


Bridge House, S.E.1 
Lecture: Some Aspects 

Maintenance Organisation. 
By: G. R. Stapley. 


BRITISH INSTITUTION OF RADIO 
ENGINEERS 
London Section 
Date: October 18. Time: 6.30 p.m. 
Held at: London School of Hygiene and 
Lr Medicine, Gower Street, London, 


of Auto-Exchange 


Lecture : Signal Sources for Television Testing, 
By : D. W. Thomasson. 


North-Eastern Section 


Date: October II. Time: 6 p.m. 
Held at: Institution of Mining and Mechanical 
Engineers, Neville Hall, Westgate Road, 


Newcastle-on-Tyne. 
Lecture: High Fidelity Reproduction. 
By: H. J. Leak. 


West Midland Section 
Date: October 25. Time: 7.30 p.m. 
Held at: Works Canteen, R.G.D. Co., Ltd., 
Pale Meadow Works, Bridgenorth, Shropshire. 
Lecture : Loudspeaker Design. 
By: A. E. Falkus. 


North-Western Section 


Date: October 5. ime: 6.45 p.m. 
Held at: College of Technology, Manchester. 
Lecture : Education in Industry. 
By: Dr. P. F. R. Venables. 
SOCIETY OF INSTRUMENT 
TECHNOLOGY 
Teeside Section 
Date: October 18. 
Lecture: Temperature Measurement at the 
National Physical Laboratory. 
By: J. A. Hall. 
Midland Section 
Date: October 20. Time: 7 
Held at: The Arden Hotel, New Sereet, Bir- 
mingham. 
Lecture: Earthquakes and How They are 
Recorded. 


By: H. V. Shaw. 
North-West Section 


Date: October 10. 
Lecture: The British Scientific Instrument 
Manufacturers’ Research Association. 


By: A. J. Philpot. 


South Wales Section 
Date : October 4. 
Lecture: Some Electronic Developments of 
Instruments. 
By : Group Captain Hockey. 


SOCIETY OF RELAY ENGINEERS 


Date: October 3. Time: 2.30 

Held at: The Engineers’ Club, 
Square, Manchester, 2. 

Lecture : Medium Voltage Feeders and their 
Associated Transformer Equipment for Long 
Distance Transmission of Audio Frequency 
Power. 

By: K. A. Russell, B.Sc. 


INSTITUTION OF ELECTRONICS 


p.m. 
17, Albert 


Date: October 17. Time: 6.30 p 

Held at : Reynolds Hall, College of Ticnstier, 
Manchester. 

Lecture : Ultrasonics. 


By: A. E. Crawford. 
THE RADAR ASSOCIATION 


Date: October 3. Time: 7.30 p.m. 
Held at: The Albert Tavern, Victoria Street, 
London, S.W.|I. 


Monthly meeting. 

East Anglian Meeting 
Date : October 28. 
Held at : The Lamb Inn, Norwich. 
Monthly meeting. 
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, Shropshire. 


Concentric Duplex Twin 
Qn Corner Reflex Console at £13-5-0 





p.m. : 
Manchester. ' 
*® Details on request 
1ENT WHITELEY ELECTRICAL RADIO CO. LTD. 





MANSFIELD NOTTS 


vent at the 


live wire 


p.m. 
Street, Bir- 


Every circuit has its own problems. Sometimes bare wire and 


| They are 
sleeving is the rig—at other times the completely insulated 
wire. DE LA RUE cater for both. Tell us the job and we’ll 
sell you the garb. Right kind, right colours, right price! 

Instrument 

tion. 


DIE IRAN RIED 


INSULATING SLEEVINGS 


Materials: VARNISHED COTTON, VARNISHED ART SILK 
(Rayon), ROLLED SILK, and P.V.C. Internal diameters from 
0.5 mm. Available in assorted colours. Varnished cotton and 
P.V.C. can be supplied with metal screening. 


opments of 


sINEERS 
> p.m. 
17, Albert 


s and their 
nt for Long 





) Frequency 
Technol L 
i CONNECTING WIRES 
Materials: P.V.C., RUBBER, and DOUBLE COTTON 
TION THOMAS BRAIDED & WAXED (“ push back”’). The range includes 
single and stranded conductors. Available in various colours for 


) p.m, D a L A nr U & coding. P.V.C. and Rubber can be supplied with metal screening. 
oria Street, 


& CO. LTD. 
Plastics Division, IMPERIAL HOUSE, 84/86 REGENT STREET, W.I. 


‘ Delaflex’ and ‘Hamofil' are registered trade names of Thomas De La Rue & Co. Lids 
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WIDE RANGE 









NAGARD TYPE 103 OSCILLOSCOPE 


CALIBRATED INETIME, FREGUENCY AND 
VOLTAGE 


TIME BASE RANGES 


Calibrated sweep velocities from 2in. per 
sec. to 2 in. per u sec. Triggered or 
continuously running. 


D.C. AMPLIFIERS 


Voltage calibrated and fully stable 
Response, Maximum Gain and Sensitivity 
0-20 K/cs. 0-2 Mc/s 0-10 Mc/s 
100,000 20,000 300 
0.12mV/inch  0.60mV/inch 40mV/inch 








al 


CALIBRATED 
OSCILLOGRAMS 


The illuminated graticule 
and single shot camera 
attachment gives clear 
records and accurate 
measurements, 


STABLE TRACES 
The exceptional synchron- 
ising properties of the Time 
Base, and stability of the ; snes 
D.C. Amplifiers aids meas- : 
urement and photography. 


a 


Phase to frequency ratio constant. Perfect square 
wave definition within the limitations of 
each frequency range. 


NAGAR 
Phone : BRixton 3550 


Grams : Intertel, Claproad, London. 245, BRIXTON ROAD, LONDON, S.W.9 








o 








SEE 


what you measure! 





24 x 30 amps 
at 250 volts a.c. 


The Austinlite ‘Thirty’ is an entirely 
new switch designed on the same lines as the 
larger Austinlité ‘ Fifty’. It is arobust, compact rotary 
switch built for long life and heavy duty. Switches can be 
made up containing I to 6 cells and each cell has four pairs of 
fixed and up to four moving contacts. There is an ‘ off’ position between 
each contact. A six-cell switch can thus switch 24 separate circuits, and very complex 
sequence switching can be easily handled. Capacity at unity power factor : 450 volts—15 amps. 
250 volts—3o0 amps. Higher voltages can be handled at lower currents and vice versa. The new 
Austinlite ‘ Thirty’ switch is described in detail in a leaflet which will be sent on request. 


A bance. PRODUCT 


AUSTINLITE LIMITED, pert. As, LIGHTHOUSE WORKS, SMETHWICK 40, BIRMINGHAM. 
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Measurements can be made from 
I mV to 100 V with the Furzehill 


SENSITIVE VALVE VOLTMETER 
over the range 10 c/s to 500 Kc/s. 
Logarithmic scale shape 


and high input impedance are 
other features. 


by "Derzehtll 


FURZEHILL LABORATORIES LIMITED 
Boreham Wood, Herts. Tel.: ELStree 113 





. Technical excellence supported by constant research and an 

Th e b a S L S unrivalled knowledge and experience of Radio Frequency 
Cable applications, ensures the continuance of the lead estab- 

lished by TELCON in the Radio Frequency Cable field. 

Even before the introduction of Telcothene* as a cable 

l d dielectric, an application pioneered by TELCON, a range 

of wor of Radio Frequency cables with unique capacity and 
attenuation characteristics was produced, using Telcenax. 


Today, developments are still going on and the solution 
of any problems involving the application of Radio 


S tandards Frequency cables will be found in the wide range manu- 


factured by TELCON. 


* Telcothene ( Regd.) — Polythene processed by 
Telcon to provide specific characteristics. 


ELCON .. CABLE: 





THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD TELSON 
Head Office: 22, OLD BROAD STREET, LONDON, E.C.2. Telephone: LONdon Wall 7104 
Enquiries to TELCON WORKS, GREENWICH, S.E.10. Telephone : GREenwich 3291 


Founded 1864 











Electronic 


Suppress E.H.T. 
radiation 


SIMPLY EFFECTIVELY 


with © @ag? COLLOIDAL GRAPHITE 


A quick-drying conducting paint of | 


‘dag’ colloidal graphite applied by brush 


to the inside of a television cabinet 


effectively suppresses radiation from the | 


E.H.T. valve, the line transformer 
and their associated circuits. 


A radio receiver can be satisfactorily 


operated on the long waveband within | 


a few feet of a television receiver 


thus treated 


SEND FOR DETAILS 





ECONOMICALLY | 
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Component parts of a 
large transmitting valve 
showing Nilo K cups 
brazed to copper rods 
(By courtesy of 
Edison-Swan Electric 
Company, Ltd.) 


Single and multiple seals for a wide variety of 
purposes can be readily produced with the Nilo 
Series of alloys with controlled coefficients of 
thermal expansion. 


@ Nilo K has a coefficient of thermal expansion 
1 closely matching that of medium hard 
1 I boro-silicate glasses over the range 
! To: ACHESON COLLOIDS LIMITED | 20-500°C. These glasses are used in the 
| 18 PALL MALL, LONDON, S.W.I. J construction of electronic equipment. 
| | @ Nilo 42 is the alloy used for cores of 
‘ : . - ed wires for vacuum seals in lamps 

| Please supply full technical information concerning Pe kane , r 
i the treatment ‘of television cabinets with ‘dag’ t @ Nilo 48 and Nilo 50 are employed for seals with the 
{ dispersion 479. | softer glasses. 
| I @ Another alloy, marketed under the name B.T.H. 

| No. 12 Alloy, is designed for use with soft lead 
| eae TOE, FAS OOo Ee ee eee | and lime glasses. 
| [ For further information write for free copies of our 
| ADDRESS .......- 2... 00.0 ee eeeeeeeeeeeeeeeees ! publications **Glass-to-metal Seals” and “The Nilo 
| | Series of Low-Expansion Alloys”. 
| Veep er Ts TLE POTEET ETC E EE das | 
; mecaey «€6C Fs: CHENRY WIGGIN & COMPANY LIMITED 
{ { WIGGIN STREET, BIRMINGHAM, 16. 
é D/18 I Nilo is a registered trade mark. 
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Of CO-AXIAL C 


These plugs and sockets 
are designed for use with either solid or 
airspaced dielectric cables. The patented 
method of connecting the plug to the metal 
braiding of the cable ensures positive con- 
tact and grip without soldering. The 
centre conductor of the cable passes 
through the hollow centre pin for easy 
soldering. The thermosetting plastic 
insulating material between the plug body 
and pin remains unaffected by heat from 
soldering. The socket with two-hole 
mounting flange incorporates a ‘ click’ 
action retaining spring which prevents the 
plug from loosening through vibration. 
Both plug and socket bodies are of Nickel- 
plated brass, and the contact pins are 
Silver-plated brass. 


BRIEF SPECIFICATION 
These Plugs and Sockets are manufactured 
to an R.E.C.M.F. Specification, and the 
minimum performance figures after testing 
to RC1/1 Yellow Specification INCLUDING 
TROPICAL EXPOSURE TEST, are :— 

Capacity (Plug and Socket 











together)... eee oo SPF max. 
Contact Resistance (Outer 
. Contacts)... ose --» 10 milliohms max, 
Contact Resistance (Pin Con- 
tacts) . eee .-» 10 milliohms max. 


Leakage Resistance 10 Megohms min. 
Steady withdrawal force 6/16 Ib. 
PAT. NO, 637613 


Es 


LIMITED 


ANTIFERENCE LIMITED, 67 BRYANSTON STREET, MARBLE ARCH, LONDON, W.!. 
Telephone: PADdington 7253 P.B.X. 
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2 speed 
GRAMOPHONE 
MOTORS 


for the new 
long playing 
records 


S.E.M Gramophone motors can, by simple 
finger-tip control, be used both for the 
normal playing record and the new long- 


playing record of lower r.p.m. 


The S.E.M motor is a 2 speed type— 
78 r.v.m. and 33} r.p.m. for use on standard 
A.C. voltages and frequencies. Designed 
and built with a background of more than 
35 years’ experience in the manufacture of 
small electric motors, the S.E.M gramophone 
motor will meet the requirements of the 


most discriminating manufacturer. 





BECKENHAM KENT 


Phone : Beckenham 0066 & 1152 
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Q METER weeeze 


instruments for the 
determination of ‘Q’ and 
relative R.F. measurements 
by resonance methods. 


TYPE 622: 50 kc/s to 75 Mc/s. 
TYPE 623: 25 Mc/s to 200 Mc/s. 


A special model (Type 620) for 
routine workshop use, range 
100 kc/s to 25 Mc/s, is also 


available. 





Please write for technical data. 


DAWE| 


INSTRUMENTS LTD 





Visit ELECTRONICS CENTRE, our London Showrooms, 83 Piccadilly, W.!. 





Instrument Division: 130 UXBRIDGE ROAD, HANWELL, LONDON, W.7 : Phone: EALing 6215 











~ 























i —— 


TYPE CP.20A 


AMPLIFIER 
For AC Mains and 12 volt working giving 15 watts 
output, has switch change-over from AC to DC and 


‘* Standby ’’ positions. Consumes only 54 amperes from 12 
volt battery. Fitted with mu-metal shielded microphone 
transformer for 15 ohm microphone, provision for crystal or 
moving iron pick-up with tone control for bass and top. 
Outputs for 7.5 andJI5 ohms. Complete in steel case with 








valves. = © © s= = «© «= «= «= PRICE £28. 
OTHER MODELS IN OUR RANGE OF AMPLIFIERS 
‘““SUPER-FIFTY WATT ’’ - - = - PRICE 364 gns. 
“THIRTY WAITT...- - - 30} gns. 


“10-15 WATT RECORD REPRODUCER ”” 
PRICE 25} gns. 


These are fitted in well ventilated steel cases with 
recessed controls, as illustrated. 


EXPORT ENQUIRIES INVITED 


VORTEXION LIMITED 


257-261 THE BROADWAY, WIMBLEDON, LONDON, S.W.19 























Telephone: LIB 2814 and 6242-3 Telegrams: ‘‘ Vortexion Wimble, London.” 
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UNITED INSULATOR D. OAKCROFT RD. TOLWORTH + SURBITON + SURREY 
































TELEPHONE ELMBRIDGE 5241 CABLES CALANEL SURBITON 
— ALL-PO WER — 
CONSTANT VOLTAGE LABORATORY SUPPLIES 
We can supply Standard, Semi-standard and Special Power Supply Units 
to meet any requirements. These Units provide an exceptionally 
constant and stable power source for use in Meter Calibration and 
Standardizing Laboratories, and for accurate Research work of all types. 
| 
: | MODEL 102-A 
“ OUTPUT - - 220-320 VOLTS, 0-250mA. 
"9 STABILIZATION RATIO- - - >20,000. 
bf INTERNAL RESISTANCE - <0.05 OHM. 
OUTPUT RIPPLE - - - - >> /mV.R.MS. 
’ ALL-POWER, TRANSFORMERS LTD. 
‘ CHERTSEY ROAD, BYFLEET, SURREY. 
29 | TEL. (BYFLEET 3224, 3225. 
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. CHARACTERISTIC 
CURVES 

of Somerford § Trans- 

formers showing fre- 


quency response between 
20 cycles per second and 
25,000 cycles per second 







are available upon 
request. 


~, AUDIO 
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SOMERFORD. A _ range of Output Tran;- 
formers designed to ensure high quality and reliable 
performance. Suitable for single ended or push- 
pull circuits, they cover the widest limits of the 
audio frequency band. May be used with con- 
fidence for the most exacting circuits. 


Write .for our 
latest Folder 
giving complete 
details of the 
SOMERFORD 
and MINIFORD 
Transformers 


SOMERFORD - 


October, 1950 





B TRANSFORMERS 


These two standard ranges of Output Trans- 
formers will meet ali the normal needs of the 
home constructor. They provide a degree of 
accuracy, quality and dependability which 
cannot be surpassed. 


MINIFORD. A range of high quality trans- 
formers of economical design which provide 
excellent reproductoin for domestic purposes, 
but over a more restricted range of audio frequencies 
than the Somerford Transformers. 2, 4 and 8 watt 
types suitable for all outputs. 


Garoners RaDiog, 


CHRISTCHURCH - 


HANTS 


Phone : CHRISTCHURCH 1025 





7G.C. QUARTZ CRYSTAL UNITS 


For Reliable Radio Communications 















From take-off to landing, the safety of passen- 
gers, cargo and machines is largely dependent 
on trouble-free radio communication. 
Weather reports, conditions at terminal airports 
etc., must be reported to aircrews. 
Navigation by radio beacons plays an important 
part in keeping the planes flying safely on their 
assigned routes 
Be sure, then, that the Quartz Crystal Units in 
your radio equipment are the best obtainable. 
for they are the most critical components. 
Pioneering research and experience in making 
over a million units, ensure a product of the 
finest available quality at competitive prices. 
We can give rapid delivery for your urgent 
requirements. 

When the requirement is ‘exceptionally 
urgent, phone Middleton (Lancs.) 2424 
or Temple Bar 4669 (London). 
















SALFORD ELECTRICAL INSTRUMENTS LTD. sxiscno's:vanes: 





A Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
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Swedish Agents : 
Messrs, Elektroutensilier, 
Rasundavagen /01, 

Stockholm-Solna ,Sweden. 


ORTHAMPTON 7éé240NE 2620 ] 
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on — | 
Ls | 
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eo Me , 
aS DAINTON G6 CO'LTD  KINGSTHO 


; | TAYLOR PANEL INSTRUMENTS 


MOVING COIL & MOVING IRON 
MODEL 400 










Illustrated are three examples 


Scale 4” 
from the extensive range of 
Taylor Panel Instruments. These 
MODEL 415 are available as moving coil, 
MODEL 350 Scale 4” rectifier and thermocouple types 


Scale 35” with scale lengths from 2”-5”. 


Moving iron instruments can 
also be supplied with scale 
lengths from 3}”-5”. Many 
ranges are ‘“ ex-stock”. 


DC. MICROAMPERES 





60 SCRA, WSTEMERS CF FRET Hee GAS 
eggeanins £05, HSK, Res 





Illustrated catalogues of all Taylor 
products gladly sent upon request 


Other products include: MULTIRANGE A.C. D.C. TEST 
METERS * SIGNAL GENERATORS + VALVE TESTERS 


TAYLOR ELECTRICAL INSTRUMENTS LTD A.C. BRIDGES * CIRCUIT ANALYSERS * CATHODE RAY 
OSCILLOGRAPHS - HIGH AND LOW RANGE OHM- 
419-424 MONTROSE AVENUE, SLOUGH, BUCKS, ENGLAND METERS * OUTPUT METERS * INSULATION TESTERS 


Telephone SLOUGH 21381 (4 lines) ° Grams & Cables TAYLINS, SLOUGH MOVING COIL INSTRUMENTS 
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These three rectangular [instruments are designed 

on symmetrical lines, thus giving a distinctive clear 

open scale and pleasing appearance. Each size 

available in all standard ranges. The Series 65 and 
35 can be fitted with dial illumination. 


=> 





Series 65 Series 35 Series 30 
MEASURING INSTRUMENTS (PULLIND LTD. 
Electrin Works, Winchester St., Acton, London, W.3. Telephone ACOrn 4651/3 & 4995 








STOP LOSING MONEY 
ON TELEVISION SERVICING ! 


Are your engineers wasting time and money for want of a Murphy Portable Pattern 
Generator ? Is the following true account of what often happens typical of your service 
organisation ? 

A faulty receiver was put on test just as the B.B.C. transmission finished. So a pattern 

generator of a kind was used, and the receiver was thought to be satisfactory. However, 

when tests were carried out on the B.B.C. at the next opportunity, it was found that the fault 

had not been cleared. The pattern generator had not given the B.B.C. pattern, which is the 

only pattern that matters ! And so it went’ on, hours wasted until finally the receiver was 

tested during B.B.C. transmission and found O.K. 


The MURPHY T.P.G.11 SAVES ALL THIS TROUBLE. With the Murphy Pattern Generator you can trace 
and rectify all faults without reference to the B.B.C. transmission. The T.P.G.11 enables a receiver, when 
aligned and functioning accurately, to be re-installed with compiete confidence that it will need no further 
adjustment at the next transmission. 

There is no substitute. See the Trader Year Book, 1950, p. 36. 


...and only the MURPHY T.P.G. I! 
gives you the B.B.C. Wave-form 
7 out of viewing hours! 
for demonstrations, Telephone | Fe LIVINGSTON HOGG 
TUDor §277. Specialist in high-grade instr for the c ications industry 
Pi 65 BARNSBURY STREET, LONDON, N.I. 
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A Complete Miniature 
Vacuum Coating Unit 











* SUITABLE IN PRICE 
AND EFFICIENCY FOR 
EXPERIMENTAL AND 
PRODUCTION 
LABORATORIES 


This miniature equipment has already proved in- 
valuable to many technical institutes who have 
employed it to advantage in the physics laboratory 
for the semi-silvering of mirrors used in inter- 


ferometry . . . in research work on the structure 
and physical properties of thin films . . . physics 
phenomena. . . for the vacuum coating of precision 


resistors, radiation detectors, colour camera pellicles» 
photo-cells, ete. 


e . . . tor better vacuum service. . 


W. EDWARDS & CO. (London) LTD. tower syDENHAM, LONDON, 5.E.26 


Telephone: SYDenham 7026 (8 lines). Telegrams: EDCOHIVAC, Souphone, London. 








WAVEFORM ANALYSER TYPE 420: 


A simple and accurate means of measuring the individual harmonics of a complex 
waveform. By using a heterodyne’ circuit with a crystal filter, this instrument 
gives the high selectivity necessary for working with modern L.F. design. Imput 
mpedance is high enough to allow connection across a transmission path without 
disturbing the level at the point of connection. An outstanding feature of the A2or1 
is its compactness and portability. It weighs only 40 lbs complete with carrying case. 
Also supplied for rack mounting. Please write for details. 











WAYNE-KERR LABORATORIES LTD., NEW MALDEN, SURREY. TEL. : MALDEN, 2202 
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The New ; BRADMATIC: HI- FIDELITY 


<a’ MAGNETIC SOUND HEADS 


(PATENTS PENDING) 





@ A quality head for magnetic tape recorders 
@ Single Hole Fixing 

@ Detachable reversible head 

@ Precision ground tape bearing faces 


NO OTHER HEAD HAS ALL THESE FEATURES 
PRICE, each head complete, post free, £3 5s Od. 


Model 5 R.P. combined record and playback head 
Model 5E erase head 

Standard heads are high impedance 

Low impedance heads to order 


We specialise—that is why deck manufacturers are standardising our heads 
Stocks of tape, oscillator coils and kits 


A NEW TAPE DECK WILL SHORTLY BE ANNOUNCED 
FOR SUPPLY EITHER COMPLETE OR IN KIT FORM 


Send for lists to sole manufacturers— 


BRADMATIC LIMITED 


STATION ROAD, ASTON 


BIRMINGHAM, 6. 
Telephone : Telegrams : 
East 0574 Bradmatic Birmingham 











TWO INSTRUMENTS IN ONE!.... 


15 cs to 100 Mcs 
THE ALTAIR A.F. R.F. GENERATOR TYPE K3 


has 9 ranges covering Audio, Ultrasonic, and a_ 
Wide Band of Radio Frequencies. A clear 6-in. 
scale for each range, with only the one in use 
visible, eliminates the confusion so _ often 
encountered in multi-range instruments, and 
places the K3 in a class of its own. 


High stability oscillator with cathode follower 
buffer stage, feeding a fully screened attenuator, 
ensures excellent performance, with very low 
stray field. 


OUR POLICY . . . Reliable Instruments at a price 
to suit all pockets. 

RANGE : 15 c/s.-100 Mc/s. (9 Bands) CW or MCW 
% OUR OFFER .. . To advertise our new range (400 c.p.s.) on R.F. ice ly 


of products we offer at reduced price for two ea ae 
F : 
months only. REQUENCY : Individual calibration on all ranges. 
. OUTPUT : Approx. 2 volts unattenuated. (Accurate 
pA Price £14-1]4-0 * see note + | db on Audio ranges). Continuously variable and 
step attenuation to 2uV at low impedance. Also 
20 volts variable on Audio ranges (15 c/s.-50 kc.). 


ALTAIR INSTRUMENTS, DIMENSIONS : 114 in. by 8} in. by 7 in. deep. 


14 LONSDALE RD., LONDON, N.W.6. POWER SUPPLY : 110/230 V 50/100 c.p.s. 




















ED 


Telegrams : 
Birmingham 


ges. 


curate 
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Safe 
Efficient 
Durable 


on 


WHEREVER a portable source of high frequency energy is required —in the lamp and 
valve industries, in commercial and industrial laboratories — this Ferranti TESVAC 
vacuum tester ensures maximum efficiency of transmission through glass with minimum 
risk of puncture or shocks. Strongly-made of durable materials, its safety lies in the 
frequency output of 4 megacycles. 


4 = 
Ferranti Ltd. execrrontcs ePaRTMENT, MOSTON, MANCHESTER to \FERRANT 
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MOT LAR fl leadership 
-from the inside! 


I am Mr. Quest — my task is to ensure that the 
materials stand up to their jobs, and— by constant 
experiment — to improve both materials and methods. 







































Solid foil 
and paper: 
non-inductive 
assembly 






















Non-hygroscopic 
| processing for 
high performance 


Hermetic sealing 
by rubber bung: 
max. creepage 
path 





| Rigid outer 
aluminium 
\ casing 








Vice-like 
grip of bung on 
wire prevents 
disconnections 





The ‘Metalmite’ construction shown 
here is a typical example of T.C.C. design : it 
has set a new standard both for compactness 
and ability to withstand extreme tropical 
conditions. Details of any T.C.C. range are 
available on request. 





Iam Mr. Test — my eagle eye makes certain that every 
condenser maintains the T.C.C. reputation for high quality, 
fauliless performance ard long life. 


“METALMITE” TUBULAR PAPER CONDENSERS 


THE TELEGRAPH CONDENSER CO. LTD - RADIO DIVISION - LONDON - W.3 = Tel: ACORN 0061 (9 lines 
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Hes Sir- 


F 
If you have only limited space and require only simple 
switching, then the Type B.T. is the switch you need. It is a 
midget, and has been specially designed for small spaces. Here 
are some new features which we have recently included — 
1\F E oh : 
R L The contact blades are fixed in a new 
D E i re) way. This makes them completely rigid 
all the time. 
mA 
H E at © The drive spindle is positioned definitely 
sw \T Cc in the wafer. This provides double 
1 E R bearing. 
Ww AL © Steady contact resistance. 
® Improved insulation between contacts. 
Walter Instruments 9 2" 
® Self-cleaning action. 
RS LIMITED It ought to be good? It is good— 
sensible and efficient. It will last you 
9 lines GARTH ROAD, LOWER MORDEN, SURREY TELEPHONE: DERWENT 4421-2-3 @ long time. 


CRC 45 
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RNS 
STRIAL HEATE 
LOL OS 


Electronic High-frequency 


INDUCTION HEATING by high- 
frequency is a modern application of 
electronics to industrial processes. For 
example where heating must be con- 





fined to a shallow surface layer, or must 
be strictly localized, the results are un- 
obtainable by any other means. 

The equipment provides a fast, auto- 
matic, and accurate method of heating 
relatively small parts, and has been suc- 
cessfully applied to anneal- 


upsetting, surface-hardening, 


ing, tin-flowing, bolt-head | 


out-gassing the electrodes of 

valves, etc. The BTH Current 

Limit Control nullifies the 

effects of variations in supply voltage 
and enables maximum output high- 
frequency current to be preset to any 
desired value 

Available in sizes up to 25 kW. Illustra- 
tion shows a 10 kW unit Type FA26 
Other types of industrial heaters manu- 





factured by BTH include resistance and 
dielectric heating equipment 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON CO., LTD., RUGBY, ENGLAND 











ber, 1950 | October, 1950 Electronic Engineering 


Help your staff 
to help themselves 


by saving 


MET 


Makers of precision 


inwum alloys 
428 CLYDE STREE 


The Secretary, 
peialists to the Elec- ay ional Saving® © 
Industry, may we : $ 4 yae i Gate, 
the opportunity to : : } S.W. 1950 
you on a apnine : 15th April, 
ements. e have a 
department for 
finishing to order. 


ngs Committee, 





Dear Sit, ibe 
We are starting 4 Saving 


L Whee Mm 07) wun Hy Group 1" this organisation and should 
be glad to receive from you full 
LTD information on the subject together 
i as much material etc. as you can 
the STREET, BURIMIIN{GH'AIM, 19 aith 
Sane NORERA RNAS th 9h 


purpose. 





supply for the 


rs faithfully, 


janage r 


a good 
Saver is a good 
worker 


Starting a Staff Savings Group is a simple 

LATEST TYPE srocess. All the information, equipment an ici 
he i” P quipment and publicity 
MATERIALS 


material you require will be gladly sent free of charge 
BY 
on application to your Local Savings Committee 
or to the National Savings Committee, 
} A R UW | | 5 LTD 1-5 Prince’s Gate, London, S.W.7. 
5 H ert tL 





Issued by the National Savings Committee 




















The Name to remember for... 


BOBBINS, FORMERS, 
TUBES & SHROUDS 


Your enquiries will receive our immediate attention 


ARMAND TAYLOR & CO. LTD. 


TUSKITE WORKS, MARSH ROAD, PITSEA, ESSEX 
Telephone : VANGE 21 67 
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wVAc 


THE SCIENTIFIC 





es 
=> MADE 





HIVAC LTD 
GREENHILL GRESCENT, HARROW-ON-THE-HILL, MIDDI, 


Telephone : HARrow 2655 




















THE 


BRITISH NATIONAL 


RADIO SCHOOL 


ESTO. £949 





Now in our eleventh year and still— 


NO B.N.R.S. STUDENT 
HAS EVER FAILED 


to pass his ‘ examination(s) after completing our 
appropriate study course. Nothing succeeds like 
SUCCESS and what we have done already for so many of 
your colleagues, we can do again for YOU. 

All our courses are conducted by correspondence, on 
INDIVIDUAL lines and our Syllabus includes: 

A.M.1.E.E. (in approved cases); A.M.Brit.I.R.E.; City and 
Guilds, Radio Telecommunications, Mathematics; P.M.G. 
(theory only) examination courses; also what we believe 
to be the finest RADAR course available anywhere. 


Free Booklet and specimen lessons (please mention'this advt.) from 





STUDIES DIRECTOR 


BRITISH NATIONAL RADIO SCHOOL 
66 ADDISCOMBE ROAD, CROYDON 








Overall dimensions : 


Postage and packing : x . 1 
TYPE 2. Overall dimensions : 
acking ‘ bis i ee 
TYPE 3. Long version of Type 2, 153” long .. ea | 
Postage and packing be ha se 
FINISHES: Black Wrinkle Enamel. 
Grey or Brown Wrinkle Enamel to order. 
CARRIAGE : Paid on Orders over £2. 








SLOPING 
PANEL 
INSTRUMENT 
CASES 


Mild Steel Case having detach- 
able back and bottom, fitted 
with P.V.C. feet. 


‘ bv ie 

4” x 4” x 5%” high . 

Se See 0 
5h" xX 5%” x 62” high 

od es 17 6 

1 6 

5 0 

2 0 


Illustrated Lists and Trade Terms on application 


REOSOUND ENGINEERING & ELECTRICAL COMPANY, 
“REOSOUND WORKS”, COLESHILL RD., SUTTON COLDFIELD 


REOSOUND, SUTTON COLDFIELD 
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Department E.E. 
1 e. 18 
Princesses and Hermes... a Vole ee akan 


Brabazons and Comets, 


are fitted with Y eaitil 
LONDEX aay LONDON, WI. 


AERTAL-EARTHING RELAYS] | asor sous. non « rane in acer 





es FULL MAIL ORDER FACILITIES 


ra 
, “vee iemetee eth 






(ex-Ministry) 


P.O. 600 and 
3,000 types 


AS FOLLOWS 


D.C. COIL RESIST- | CONTACTS : Make 
ANCE: 10 ohms to | (M) Break (B) Change- 
42,000 ohms; _ also | over (C) in twin silver, 
double-wound coils. | heavy duty, and twin 
Special coils wound to | platinum in any com- 


| ‘i ities. bination to 8 sets. 
mo, | | ATRORAFT RELAYS | | iin crcscte, sicmens;sighapeed RELAYS and ote 


‘ein > 


The LONDEX range of Relays, believed to be the most 
comprehensive made in the country, also includes a 
Miniature Relay (occupying only 14 cubic inches) and 
the Multi-Contact Type LF (of which over 100,000 have 
been fitted in aircraft). Write for set of leaflets R/EO 





















































LONDEX LTD., Anerley Works, London, S.E.20 SYD 6258 types 
i tle aa cataseieeel 
The VALRADIO pee \.’ 
Instruments 
Heavy Duty Converter rit 
(Famous since 1937)} ; 
> Will supply A.C. at standard voltages for numerous 
applications from D.C. supply voltage ranging from 
6-250 volts with wattage outputs from 30-300 watts. The TWENTY MILLION ° 
Frequency stability 4 of 1% at 50, 60 or 75 cycles per sec. < s 
yofrhs reyes MEGOHMMETER 
NT Let us bring to your notice a few listed r F 
by us in popular demand, others can he modern instru- 
be considered on receipt of speci- ment for the measure- 
fication. All hereunder incorporate ment of resistance. 
neck Radio and Low Frequency suppres- Covers the range from 
1, fitted sion from interference. 0.3 tO 20,000,000 meg- 
cy ohms in six decades. 
P . Type " DC ining AC Outhats, Wattage Load Price Two test voltages, 85v 
se Z3o/soo/110-A to0-120V 200-250 150300 IG. 0-0 pear baat: git 
12 6 230/200-A 200-250 V 200-250 V 100-200 £14- 0-0 and a six-inch mirror 
1 0 230/100/110-A 100-12" V__ 200-250 V 100-200 214- 0-0 scale meter enables 
230/200/50-A Se 200-250 V 100-200 £16- 0-0 . 
17 6 230/110-A 180-270 V_ 200-250 V 60-110 £10-15-0 readings to be taken 
1 6 ie accurately and quickly. 
‘a3 Also similar types available to operate from D.C. The instrument is e9- 
input jvoltages of 6, 12, 24, 32 and to order. ngs for test- 
All above prices sa casaal ten from 1st July 1950 jd Peeceriny merger 
: ‘ insulating materials. * 
ion Literature and terms of business on request to: 
PANY, VALRADIO LIMITED 
LDFIELD 57, FORTRESS ROAD, LONDON, N.W.5. ELECTRONIC INSTRUMENTS LTD 
-OLDFIELD Phone: GULliver 5165 17. PARADISE ROAD: RICHMOND SURREY - ENGLAND 
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ELECTRO-CERAMIC INSULATORS & REFRACTORIES 
GEO. BRAY‘& CO. LTD 


ie 2G SOn EV Een, Bier Bere), | 
RAD f ELECTRICAL 








MAGNETIC 
RELAYS 


LARGEST STOCK IN 
GREAT BRITAIN OF RELAYS, 
KEY SWITCHES AND 
UNISELECTORS 


Government Contractors 


RELAYS P.O. 3000 - 600 - HIGH SPEED 
Also 230v. A.C. S0cy. 
ALL NEW EX-MINISTRY GOODS 


JACK DAVIS (Relays) LTD. pert. cz. 
30 PERCY STREET, LONDON, W.1. 


Phones : MUSeum 7960 LANgham 4821 








_ VR9I (EF50) Ex equip. tested. 4/- each. 








HIGH VOLTAGE SUPPLIES 


ae 


Moael 54/50 Breakdown Tester 





@ Continuously variable 2-30 KV 
@ Positive or Negative output 


@ Available stabilised or unstabilised for 
breakdown testing 


@ Input A.C. 115-250 volts, 40-100 cycles 


A complete range of Radio Frequency high voltage equipment is 
available from 2 to 50 KV at | mA 


HAZLEHURST DESIGNS LTD., 
34a, Pottery Lane, 
PARk 6955 





London, W.II. 
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RATCHET AND REVOLUTION | 
COUNTERS 


PLEASE SEND FOR 
LEAFLET NO. 18/6 
SHOWING FULL 

RANGE OF 
‘ ALBION ’ PRECISION 
COUNTERS 


MEMBERS OF THE 
BESTEC ORGANISATION 





SOLE MAKERS AND PATENTEES : 
B. & F. CARTER & CO. LTD., BOLTON, N.3. 


. 


VALVES. Guaranteed New& Boxed. Some Govt. Surplus 

















each each | each each 
184. 5/6. | 6)7. 4/9. | 7Q7. 6/3. | SP4I, 3/6, 
ITs. ae. 6K7. as | 25A6G. 6/3. | SP6I. 3/6. 
S5. / ; / 41. 6/3. | EASO. 2/6, 
ZA. 9. | 6K8. Ue. | 43, 6/3. | EBC33. 4/9, 
5U4G. 5/3. | 6L6. 8/6. | 7 6/3. | EF30 5/9 
5Y3G, qe. | 6Q7. | = he ; hy 
6B8. 4/9. | 6N7, 5/6, | 807 5/6. | KT44, 5/6. 
6C5. 6/3 | 6SN7. Ie. 12AH7. 4/6. 807. 5/6, 
6C4. 6/3. | 6SK7. 4/9, 12SK7. 4/6. | VUIII 4/6. 
6F6. 5/-. | 6V6. 5/-. | 12SG7. 4/6. |. VU39, Ie 
6)5. 4/6. | 6X5. 4/9. | O74. 6/3 | 12K8. 6) 





VR91 —_ Good condition. 7/- each. 


SPEAKERS: ROLA 5 in. PM. 9/- each. E.C. 6$ in. PM. 10/- each. 
PLESSEY 8 in. PM.10/6 each. Cita ION 8 in. 10/6 each, 
TRUVOX BXI1 12 in. PM. 30/- each. 
PVC {WIRE An outstanding purchase. — strand. Various colours. 5/* per 100 yds 
PF CONDENSERS. All sizes ; ..  B/= doz 
Terms : C.W.O. C.O.D. Carriage paid on a aa over £1. Write for lists. 


WILLIAM CARVIS, 103, North St., LEEDS. 


ROUBLE - FREE 
ELEVISION 





¢o* 





«the use a 


“ [WESTINGHOUSE] @ 
METAL RECTIFIERS 


for H.T., H.T. boost and line fly-back damping, E.H.T. 
and sound and vision interference suppression, is a step in 
the right direction, and we can tell you about this if you 
send 6d. for a copy of ‘‘ THE ALL-METAL WAY” to Dept. Elec. Eng. 10. 


WESTINGHOUSE BRAKE & SIGNAL CO., LTD. 
82 York Way, King’s Cross, London, N.|I. 
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TION 


ND FOR 
10. 18/6 
3 FULL 

: OF 
RECISION 
TERS 


OF THE 
ANISATION 


N, N.3. 








ovt. Surplus 


each 
P41. 3/6, 
P61. 3/6. 
A50. 2/6. 
BC33. 4/9, 
39, 5/9. 
T44. 5/6. 
7. 5/6. 
UIII. 4/6. 
U39, T-. 
K8. 6). 


dition. 7/- each. 


PM. 10/- each. 
8 in. 10/6 each, 


5/~ per 100 yds: 
we 3/- doz 

te for lists. 

, LEEDS. 


») 


ERS 


g, E-4.T. 
a step in 
jis if you 
c. Eng. 10. 
O., LTD. 





October, 1950 





MICA 


DISCS 
DIAPHRAGMS 
ELEMENT STRIPS 
CONDENSER PLATES 
SPECIAL SHAPES 
RAW MICA 
WASHERS 

e 





RITISH MICA C°L’-BEDFORD. 











POTENTIOMETERS 


lM 


Wire-wound and Composition types. 
Single, Ganged, Tandem Units. 








Characteristics : linear, log., semi-log., non- 
inductive, etc. Full details on request. 
RELIANCE MNFG., CO. (SOUTHWARK), LTD., 
Sutherland Road, Higham Hill, Walthamstow, E.17: 
Telephone: Larkswood 3245 











FOR: Automatic coolant regulation. Movement for pressure 
change. Packless gland to seal spindle in high vacua. 
Reservoir to accept liquid expansion. Dashpot or delay 
device. Barometric measurement or control. Pressurised 
couplings where vibration or movement is present. Dust seal 
to prevent ingress of dirt. Pressure reducing valves. 
Hydraulic transmission. Distance thermostatic control. 
Low torque flexible coupling. Pressure sealed rocking move- 
ment. Pressurised rotating shaft seals. Aircraft pressurised 
cabin control. Refrigeration expansion valves. Thermo- 
static Steam Traps. Pressure amplifiers. Differential pressure 
measurements. Thermostatic operation of louvre or damper. 


Write for List No. V 800-t. 


Drayton ‘Hydroflex’ METAL BELLOWS 


Drayton Regulator & Instrument Co. Ltd., West Drayton, Mdx. + W. Drayton 26H 
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Technica 
Excellence 





soundness of DESIGN in the. 


OXLEY 


DIFFERENTIAL AIR 
DIELECTRIC TRIMMER 


2 to 26pF—11-5 m/m 

2 to 32pF—12°5 m/m 
Law: Straight line capacity 
Power Factor: Less than ‘001 
Insulation: Over 2,000 megohins 
Voltage: 500 D.C. 


OXLEY DEVELOPMENTS CO., 


LTD., 


ULVERSTON 3306 





ULVERSTON, N. LANCS. TEL. 





TUNGSTEN Contacts, Rods, Pins, Lead-in- 


Wires, Targets, Shaped Components, Heater Wires, 
Spark Gaps. 


MOLYBDENUM Tubes, Nuts, Bolts, Per- 


forated Sheets, Coils, Spirals, and other Components 
made from High Refractory Metals to Customers’ Design. 


ELECTRO-ALLOYS L?- 
12, BRUNEL ROAD, LONDON, W.3 
SHE 3460, 3031 





Telephone 

















AMBITIOUS ENGINEERS 


IMPORTANT GUIDE TO SUCCESSFUL 
ENGINEERING CAREERS 


After months of intensive effort, we are pleased to 
announce that the new edition of our 176-page Hand- 
book, “ENGINEERING OPORTU. ES,” is 
now ready for free distribution. 
his book is, beyond argument, the finest and most 

complete Handbook on Successful Electrical En- 

eee Careers ever compiled. It should be on the 

ookshelf of every person interested in any phase of 
Electrical Engineering, whatever his age, position or 
age. 7 : 

his book shows, among other intensely interes- 

ting matter, the easiest way of L peosias B.S.c., A.M. 
Brit. IL.R.E., CITY AND GUILDS, G.P.O., and 
every other important technical examination, whilst 
details are given of over 200 Courses in all branches 
of Engineering. The Electrical Group of Courses 
includes : Neon Lighting, Power House Design, 
Radio, Television, Alternating Current, Sound 
Film Projection, Mains hee Measur- 
ing Instruments, Electrical Design, Electricity 
Supply, Electronic Engineering, General Elec- 
trical Engineering, Electrical Installations. 
The Handbook also explains the unique advantages of 
our Employment Dept. 


We Guarantee ‘‘NO PASS—NO FEE’”’ 


If you wish to become Technically Qualified you cannot afford to miss 
reading “* ENGINEERING OPPORTUNITIES.” In your own 
interests send for eee copy of this enlightening guide to well-paid 
posts NOW—FREE and post-free. Do not neglect this opportunity 
of investigating the possibilities within your reach. 


BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 



















NEEHIXNG OPPORTUNITIES 


& 








337B, Shakespeare House, 
17-19 Stratford Place, Oxford St., B I E | 
London, W.! 
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Scophony 
=BAIRD= 
TRANSFORMERS & CHOKES 


designed and manufactured to 
suit your specific needs 


HERMETICALLY 
SEALED TYPES 
-up to | KVA. 


DOUBLE and 
AUTO-WOUND 
OIL/AIR 
COOLED TYPES 
-up to 50 KVA. 
(Single or 3-phase) 


Hermetically Sealed hese te 
= Au Ta 

















Send your next enquiry to :— 


SCOPHONY-BAIRD LTD., ore es SOMERSET: 
Telephone : WELLS 











Coils. Denco T.R.F. Matched Pair Medium and Long 
Waves, 6/6 pair. Weymouth T.R.F. Matched Pair M. 
and L.. Waves, 9/6 pair. gy penn Pair S. M, and 
L. Waves, 8/9 or 11/6 pair. All types Wearite “ P” 
Coils, 3/- each, in Fi wall type Midget 1% in. 
x # in, dia., Iron Core, Aerial H.F. or Osc., 3/6 eac 

et Coil Pack. Size 34 in. x 24 in. x It in., 
covering S.M. and L..Waves. Coils wound on Polystyrene 
Formers with adjustable iron cores ensures efficient per- 
formance. Factory wired and aligned. Price, including 
full circuits, for Superhet yt Rds Unit 33/-. For 
F. circuit covering Waves, 30/-. e 
Battery Portable Superhet Pack, oe ready wound 
Frame Aerial, covering . and L. waves, 37/6, 

Aluminium Substantially made of gauge 16 S.W.G. with four sides : 
7in. X 4in, X 2in., 3/3; 9 in. x Jin. x 2b in., 4/-; 10 in. X 6 in. X 2$ in., 
4/11; 10in. x Bin. x 24 in., 5/6 oe is Vin. X 2$ in., 6/8 ; 14 in. X 9 in. 





x 2bin., 6/11; 16in. x Bin. x 2p in., 7 ; 16in. X Bin. x 34 in., / 
Meter Rectifiers. Westinghouse, Tseng We | Ay 10/6. 5mA, Sd 
um Rectifiers. H.T.L. Wave, 250 V 50 mA, 5/6; 200 V 100 mA, 5/9; 
250 v I 100 mA, 7/6. 12 V 1 amp., 11/6 ; 


id: Rectifier, 6 V 1 amp., 7/6; 
12 V3 amp., 19/6 ; 2W 3 amp., 25/-; 24V 3 amp., 2316. 
Transform Each has an oot of 230 volts. Outputs : (a) 24 volt 
ones I5V,9V and 4 4 V, at 3 amps., ; (b) 30 volts tapped 15V and9 V at 
ps., 22/> ; (c) 15 volts ta ped 9 V, ata ., 14/3 ; (d) 12 volts at 14 amps., 
Ww ie) 15 volts tapped 9 9V at 6 6 amps., 
Filament Transformer. Inputs 230 volts, Phan 3V lk amp., 7/6; 4V 1t am 
7/6; my a te out} ut 4 V(C.T.) It} amp., AV 2amp., 6.3 V 2amp. ., 19 6. 
A Midget T.RF. Battery Portable “ Personal” Kit. A complete Kit of Parts 
to build a Midget rr All-dry Battery Personal Set. Consists of Regenerative 
T.R.F, Circuit employing Flat Tuned Frame Aerial, with Denco Iron Dust Cored 
Coil, ‘om ed ensuring maximum gain for Single Tuned Stage covering Medium 
laveban: 
Valve Line-up : IT4(R.F. Ampl.), IT4 (Detector), IS5 (Ist A.F.) and 354 Geant 
Includes latest Rola 3-in. Moving Coil Speaker, and a Chassis already drille: 
shaped. A consumption of only ensures long battery life. The Kit is 
designed for a cabinet, minimum size 64 in. X 44 in. X 3 in. Detailed Building 
ae with Practical Layout and Circuit included with Kit make assembly 


Price for Complete Kit, £3/18/9 (plus 16/7 P.T.). Suitable unpolished Cabinet, 
64 in. X 4h im X 3in., 12/9. Ever Ready B114 Battery, 9/7. Building Instruc- 
tions, Circuit, etc., supplied coooreaaly. 2 1/-. 

“ Wireles World® Midget A.C. 2:Valve Receiver. We can supply al 


ee SURE Dn Cen 


ESTABLISHED 25 YEAR 


The Mi 3-Valve Receiver circuit, as published in 


October, 1950 





TRAINING 


ELECTRONICS 


RADIO - TELEVISION 
and other INDUSTRIAL 
ELECTRONIC subjects 





HOME STUDY COURSES 


“Courses in Radio and Television (Theory and 
Practice) for A.M. Brit. 1.R.E., and City and 
Guilds Examinations.” ‘Training also given in 
many other branches of engineering including 
A.M.1.Mech.E., A.M.1.E.E., A.M.1.P.E., etc.” 


Obtain a copy of Free Brochure giving full details 
of these and Daytime Attendance,Courses. 


Write to Dept: 11 








E | i INSTITUTES OHM e 
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e ove MARCONIPHONE 


10 PEMBRIDGE SQUARE, NOTTING HILL GATE, LONDON, W.2 COLUMBIA 
Telephone: BAYswater 5131/2, ETC 
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Mains or Battery Personal Kit. A Kit Rests to, agi 
our new Midget ae hs Superhet “* Personal 
covering Medium and avebands and desi vn 
for Mains or Battery op is now This 
2-waveband superhet receiver is designed to operate on 
A.C. mains 200-240 volts, or by an “ All-Dry ™ battery, 
either means being selected by the turn of a rotary 
switch. It is so designed that the mains section, size 
4% in. X 34 in. X If in,, is sup nl o> 5 eoenelp Bik 
(which may be added at any time, Kit can there- 
fore be supplied either as an » Mi Dry " Battery 
Personal Set. or by incorporating the mains section as a 
Midget receiver for combined Battery/Mains operation). 
The circuit incorporates delayed A.V.C. and pre-selective audio feedback. A Rola 
4-in. P.M, speaker with a generous sized output transformer ensures excellent 
quality reproduction. Two ready wound frame ae and a drilled midget 
chassis are included. The overall size of chassis when F pom wired is 8¢ in. 
x 4in. x 2h in. vave line-up 1R5 (freq. ch.), IT4 (1.F, amp.), IS5 (diode det. 
and audio amp.), and 354 (output tet.). The set is easily built from the very 
detailed building instructions supplied, which includes a practical Component 
Layout, with point-to-point wiring diagram, and a circuit diagram 
Price of Complete Kit (less Mains Unit), including P.T., £6/13/9. Price of 
Mains Unit Kit, £1/17/6. Price of Ever Ready B114 Battery. 9/7. 
An attractive Walnut-finished Portable Cabinet to house the combined receiver is 
also available. This cabinet is also quite suitable for the “ All-Dry ” battery 
version. Price 19/ 
The complete assembly instructions mentioned above can also be supplied 
separately for 1/9. 
A complete Kit of Parts to build a miniature “All-Dry” Battery Elimin- 
ator, giving 69 volts H.T. (approx.) and 1.4 volts L.T. This Eliminator is suitable 
for use with any Personal battery set requiring H.T. and L.T. as above (or 
even for sets requiring approx. 90 volts). 
It i is housed i in a light aluminium case, size 44 in. X 3% in. X 1} in., and can 
dated in most makes of Personal receivers 
Price of Complete Kit including detailed assembly instructions and layout £1/17/6 
et A.C. Mains the “ Wireless 
World. “We can supply all the components to build this set, which covers Medium 
and —_< —_ for £4/5/- (including complete assembly instructions). A 
reprint of complete assembly instructions can be supplied separately for 9d. 
(including postage). 
We can now supply an omastion walnut-finished Cabinet for the “Wireless World” 
— Set, with a complete Slow-Motion Dial and Drive Assembly (Station- 
named Dial to latest wavelengths). Inclusive price £1/14/6. Cabinet available 

















nts, including — and MeN Cal Speaker to build this set as sp 
in — ch issue, at a total cost of £3. Reprint of detailed assembly instructions 
and circuit supplied separately for 


STERN RADIO LTD., 109 and 115 FLEET STREET, E.C.4. 


for 21/-. 
*Send 3d. Sumo for our C preh 


Kit and C Stock List. When 
ordering, please cover packing and postage. 


Telephone : CENtral 5814 and 2280 
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MAGSLIPS 
Resolvers, Transmitters, Hunters, 
Receivers, etc., 2” and 3” types. 


SELSYNS 


Power and Phase-Shifting types. 


NES 


Send for list and technical details. 


HOPTON RADIO, 
1, Hopton Parade, 
. LONDON, S.W.16. 
"phone: STReatham 6165 





SERVO CONTROL EQUIPMENT 


INDUCTION MOTORS AND 
VELODY 


Repair facilities for ali types of British and 
American Magslips, — test equipment, 


Streatham High Road, 





Electronic Engineering 


MODERN PRACTICAL 
RADIO & TELEVISION 


This work covers every phase of Radio and 
Television Engineering from many view- 
points and meets a great demand. The 
author, C. A. Quarrington, A.M.Brit.!.R.E., 
has been responsible for traihing Radio and 
Television Service Engineers and is also 
well known as a lecturer on Radio and 
Cathode-ray subjects. 


SOME OF THE CONTENTS 


Sound—Waves in Free Space—Electricity—Mag- 
netism and Inductance—Capacity—Reactance and 
Impedance—Alternating Current—Tuned Circuit— 
Principles of the Thermionic Valve—The Signal 
Analysed—Detection—Reaction and Damping— 
H.F. Tetrode and Pentode—High-frequency Ampli- 
fication—Principles of the Superheterodyne— 
Frequency-changing Valves—Design of the Super- 
heterodyne—Practical Coil Design—Switches and 
Switching—Low-frequency Amplification—The Out- 
put Stage—Output Valves—Loudspeaker—Auto- 
matic Volume Control—Tuning Indicators—inter- 
Station Noise Suppression—Automatic Tuning— 
Maen Modulation—Power Pack—Decoupling— 





Electronic 
ACCESSORIES & COMPONENTS. 


For Research 
Depts., Labora- 
tories, Colleges, 
etc. 
Send for List. 


1478, HARDMAN ST 
MANCHESTER 3 TEL 


COMPONENTS 


FOR 








HOLIDAY & HEMMERDINGER L" 
DEANSGATE 
DEA. 4121/2 





ELECTRONIC ENGINEERING 


HOME BUILT TELEVISOR 


list No. 
WS 903/4 4KV -2V (2A) 4V (1A) 
or 


WS 903/5 5KV-2V VGA) - 
4V (IA)... Ma 


EP 63 Mains Transformer 
DP 52 Choke... Ne me 
DP 62 Choke... 


A ( 


67/6 


72/6 
90/- 
26/- 
17/- 


Pick-up—General Mechanical and 
Electrical Considerations—Five Circuits Analysed— 
Aerials, Earths, and Noise Suppression—Car Radio— 
Principles of Low power Transmission—High- 
Vacuum Cathode-ray Tube and its Application to 
Television—Time Base—Television Technique— 
Television-receiver Design—Adjustments and Faults 
of a Television Receiver—Measuring Instruments— 
Ganging Oscillator—Cathode-ray Oscillograph— 
Voltage and Current Testing—Instability and Motor- 
boating—Tracing Distortion—Tracing Mains Hum— 
Tracing Background Noise—Valve Testing—Re- 
ceiver Alignment (Ganging)—Whistles and Break- 
through — Loudspeaker Faults — Testing Com- 


ponents—Fault-finding Procedure (A Summary)— }. 


Local Interference—Workshop Hints—Accumulator 
Charging and Maintenance—Simple Mathematics, 
etc.—Abridged Technical Dictionary. 





RADIO CIRCUITS AND DATA 


A wide selection of typical and basic circuits 
with formulae and data, are also included, 
together with a number of Manufacturers’ 
and complete basic circuits showing the 
latest trends and practices, apart from a 
comprehensive range of unit circuits. 











THE ILLUSTRATIONS 


‘“Modern Practical Ralio and Television ”’ 
is profusely illustrated. It contains 16 full- 
page plates, over 400 diagrams in the text 
and 7 large folding insets. Each illustration 
has been specially selected for its practical 
utility. 


eccscccoe AC FREE PAMPHLET  ecccceccce 


To the Caxton Publishing Co., Ltd., 
171, Morley Hall, St. George Street, 
Hanover Square, London, W.|1. 


Please send me, free of charge, Pamphlet 
describing ‘‘ Modern Practical Radio and 
Television.”’ 





OLIVER PELL CON 
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THE 
SERVICE ENGINEER'S 
FIRST CHOICE 











Cc. MARKS and CO. 
30 COMMERCIAL ROAD 
NEWPORT, MON. 
PHONE 47/1 





Nickel Alkali Accumulators 
Nife Accs. 


These Accumulators are almost indestruct- 
ible and last alifetime. Cannot be destroyed 
by short circuiting or reverse charging. 
Size 9 in. by 2} in. by 24 in. 15 ampere hour 
capacity at 2.5 volts. Contain no electrolyte. 
Ideal for farmers, yachtsmen, garages and 
general marine work. The purchase of a 
very large quantity enables us to sell these 
cells at ‘ scrap value.’’ 

Price 6/6 each. Post free or 66/- 


ee 
e Partridge Hews 


wiles 


yon VA to 50 KVA 
TRANSFORMERS— 


POWER or AUDIO FREQUENCY 


4 WEEKS DELIVERY 


The acknowledged precision of 
Partridge transformers is available 
to you in transformers and chokes 
to your own specification . . and 
in double quick time. Whatever 
your transformer need, first consult 
Partridge— the specialists, 
* Note: All Partridge) components 
Jare now available 

HERMETICALLY SEALED IN OIL 


— 
PARTRIDGE 
TRANSFORMERS LTD 


ROEBUCK ROAD, KINGSTON - BY - PASS 
TOLWORTH SURREY 


per doz. 




















Telephone ELMbridge 6737-8 





Acheson Colloids Ltd. 

Airmec Laboratories Ltd. 

All-Power Transformers Ltd. 

Altair Instruments 

Antiference Ltd. 

Automatic Telephones & Electric Co.. be 
Ltd. 


Belling & Lee Ltd. 

Bradmatic Ltd... 

Bray & Co., Ltd., George : 

British Electric Resistance Co., ‘Ltd. . 

British Institute of Engineering 
Technology — an 5% 

British I lated Callender’s Cables 
Ltd. aye 3 

British Mica Co., Ltd. aed 

British National Radio School, ‘The .. 

British Thomson-Houston Co. o» 208., 
The 

Bullers Ltd. 





Carter & Co. Ltd., B. & F. 
Carvis, William... = 
Caxton Publishing Co. 
Chance Bros. Ltd.. 
Chapman & Hall Ltd. 
Cinema- Television Ltd. 
Cole Ltd., E. K. 

Cossor Ltd., A.C... 


Darwins Ltd. 

Davis Supplies Ltd., Alec. 

Davis (Relays) Ltd., Jack 

Dawe Instruments Ltd. 

De La Rue & Co., Ltd., Thomas es 

Drayton Regulator and Instrument 
o., Ltd. 
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Taylor Electrical Instruments Ltd. 
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one step ahead! 


Our experience in the manufacture of toroidal- 
wound resistors goes back such a long way 
that we are confident of always maintaining 
the lead in design and efficiency. As the pioneers of this type of unit 
in this country, we can offer our customers a product which is the 
result of long research and practical experience, and we are also able to 
supply more alternative arrangements than any of our competitors, 





©) TOROIDAL WOUND POTENTIOMETERS 


BRITISH ELECTRIC RESISTANCE CO. LTD., Queensway, ‘Ponders End, Middlesex 


PR40I13—EHI 


Telephone: Howard 1492. 


Telegrams: Vitrohm, Enfield 
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BALLANTINE, FERRI 


21 JOHN STREET - BEDFORD ROW - LONDON W.<C.! 


S. MERVYN and MIDGLEY-HARMER. 


October, 1950" 
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53 Ranges with Rotary Switch Selection 


This uniquely comprehensive Test Set has 53 ranges for measuring 
AC and DC current and voltage, resistance and insulation. It is 


completely self-contained, with internal batteries to provide power 

VV E % T O N for the ohms ranges and self-contained power pack for insulation 
measurement at 500 V. Seleetion is carried out by two 20-position 
switches. A fully protective safety device is fitted and is operative 
for forward or reverse overload. The 150 division 6-in. scale is 
uniformly divided and is fitted with an anti-parallax mirror. The 
set is enclosed in a handsome bakelite case and fully complies with 
B.S.S. No. 89, covering first grade instruments. Full details of 
this, and other Weston electrical measuring instruments will 
gladly be supplied on request. 


SANGAMO WESTON 
LIMITED 
ENFIELD, MIDDLESEX: 


Telephone: ENField 3434 (6 lines) and 1242 (4 lines) 
Telegrams: Sanwest, Enfield 


Depots at: Glasgow, Newcastle-on-Tyne, Leeds, Manchester, 
Wolverhampton, Bristol, Liverpool, Nottingham, London, 
outhampton, Ipswich and Brighton. 
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